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THE  TUNA  LONGLINE  FISHERY  AND  ITS  FISHING  GROUNDS 

by 
Hiroshi  Nakaxnura 

Introduction 

The  Japanese  tuna  fishery,    which  formerly  had  for  its  fishing  grounds  almost  the 
whole  western  Pacific  and  a  part  of  the  Indian  Ocean,    wherein  its  small  vessels  roamed  at  will, 
was  reduced  by  the  Pacific  war  to  such  a  nearly  complete  state  of  destruction  that  little  was  left 
to  remind  one  of  its  former  condition. 

On  the  one  hand  it  was  forced  to  accept  restrictions  wliich  can  only  be  called  mortal 
in  the  form  of  an  iron  chain  of  limitations  upon  its  fishing  areas,    and  on  the  other  hand  it  lost  a 
large  number  of  fishing  vessels  and  the  excellent  advanced  bases  in  Okinawa,    Formosa,    the 
Ogasawara  Islands,    and  the  mandated  South  Sea  islands.     With  even  the  materials  necessary  for 
fishing  difficult  to  obtain,   the  problems  faced  by  this  fishery  were  certainly  not  easy  ones. 

When  we  look  at  the  course  taken  by  this  fishery  from  the  end  of  the  war  to  the 
present  day,    we  see  that  despite  the  many  difficulties  and  obstacles  mentioned  above  the  tonnage 
of  its  fishing  vessels  has  already  in  a  comparatively  short  period  recovered  to  a  level  close  to 
that  of  before  the  war.     This  fact  demonstrates  the  unstinted  efforts  of  the  people  engaged  in  this 
fishery,    efforts  which  are  truly  worthy  of  admiration.     However,    considering  this  situation  cold- 
ly,   we  must  also  adnnit  that  the  rapid  tempo  of  recovery  in  this  fishery  reflects  the  confusion  in 
Japanese  fisheries  circles  after  the  war  and     the  fact  that  this  fishery  became  the  object  of 
investment  as  a  measure  to  relieve  the  depression  in  other  industries.     Consequently,    it  can 
hardly  be  said  that  this  fishery  has  undergone  a  substantially  healthy  recovery.     In  fact,    it  has  a 
character  which  can  hardly  be  considered  under  the  heading  of  rapid  progress.     Now,   4  years 
after  the  war,    the  tuna  industry  cannot  be  said  to  be  as  promising  as  was  hoped  at  the  beginning 
of  its  new  start,    but  it  appears  rather  to  be  fraught  with  many  problems   and  hardships. 

The  cause  of  these  problems  and  hardships  is  probably  the  same  as  that  of  the 
hardships  which  beset  the  Japanese  fishing  industry  as  a  whole,   that  is  the  restriction  on  fishing 
grounds.     In  part  too  it  should  probably  be  considered  due  to  the  overall  abnormality  of  the 
Japanese  fisheries  in  recent  years  caused  by  so-called  oceanographic  abnormalities. 

Because  the  waters  opened  to  Japan's  fisheries  are  largely  those  off  her  Pacific 
coast,    a  good  deal  of  objectivity  can  probably  be  detected  in  the  fact  that  the  tuna  fishery  has  been 
temporarily  in  the  spotlight  and  has  come  in  for  a  great  deal  of  attention.     When  we  come  to  the 
question  of  how  much  of  a  scientific  nature  there  was  in  the  manner  in  which  this  attention  was 
given  to  the  fishery,    we  cannot  unfortunately  give  any  answer.     The  sad  fact  is  that  we  have  hard- 
ly any  scientific  knowledge  which  could  have  been  considered  in  connection  with  this  fishery. 
Expressed  concretely,   what  we  mean  by  knowledge  of  a  scientific  nature  would  be  such  things  as 
how  many  vessels  should  be  permitted  to  operate  in  the  waters  allowed  to  us,    in  view  of  the  size 
of  the  resources,    and  how  much  they  could  be  expected  to  produce.     With  regard  to  such  ques- 
tions,   is  there  not  at  present  almost  no  one  who  could  give  an  accurate  analysis? 

The  tuna,    along  with  the  snapper  and  the  carp,    is  among  the  fish  with  which  the 
Japanese  are  best  acquainted,    its  name  being  known  even  to  3-year-old  children.     However, 
scientific  knowledge  concerning  these  fishes  is  extremely  poor  and  this  fishery  can  be  thought  to 
be  the  most  primitive  in  character  which  we  have. 

The  reasons  why  the  tuna  fishery  is  productively  at  jin  extremely  low  ebb  are  set 
forth  in  this  book  in  the  section  on  the  characteristics  of  the  tuna  fishery,    but  to  put  it  briefly, 
it  is  because  this  fishery  is  largely  lacking  in  planability  or  stability.     The  reasons  for  this  are 
that,   because  the  range  of  distribution  of  the  fishes  which  are  the  object  of  the  fishery  is 
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extremely  broad  and  these  fishes  perform  migrations  on  a  large  scale,    not  only  can  the  essential 
nature  of  the  resource  not  be  easily  grasped,    but  the  investigation  of  the  paths  of  the  migra- 
tions and  the  factors  controlling  them  are  accompanied  by  remarkable  difficulties  and  require 
great  expenditures:     for  which  reason  we  can  hardly  be  said  to  have  any  knowledge  concerning 
these  phenomena. 

Up  to  the  end  of  the  war  the  writer  spent  over   10  years  in  Formosa,    where  he  was 
mainly  occupied  in  the  study  of  the  ecology  of  these  fishes.     After  the  war  he  was  ordered  to 
undertake  the     study  of  the  resources  of  the  tuna  fishery  at  this  research  station,    in  which  work 
he  is  presently  employed.     In  order  to  determine  research  policies  corresponding  to  the  new 
conditions,    the  author  has  attempted  to  bring  together  data  from  tuna  fishing  experiments  and 
fishing  ground  surveys  carried  on  by  fishery  research  agencies  throughout  the  whole  country 
during  more  than  10  years  past.     The  object  has  been  to  see  if  it  were  possible  by  means  of 
these  data  to  get  some  knowledge  concerning  the  migrational  patterns  and  the  stock  and  thereby 
to  make  son-ie  contribution  to  the  stabilization  of  the  tuna  fishery.     What  has  been  accomplished 
in  regard  to  these  problenns  is,    however,    very  little. 

In  the  beginning  the  intention  was  only  to  write  concerning  the  data  referred  to 
above,    but  the  decision  was  nnade  to  cover  in  outline  fishing  gear,    fishing  methods,    and  other 
general  matters  concerning  the  tuna  fishery.     Consequently,    the  work  is   in  part  a  repetition  of 
some  of  the  material  in  the  author's  book.    The  Tuna  and  Their  Fisheries,    published  by  the 
Tcikeuchi  Book  Store. 

The  tuna  fishery  is   at  present  in  a  somewhat  congested  condition,    but  unlike  other 
fisheries  its  fishing  grounds  are  extraordinarily  broad  and  are  for  the  most  part  on  the  high  seas 
away  from  territorial  waters.      What  sort  of  treatment  Japan's  tuna  fishery  will  receive  in  the 
future  when  the  peace  treaty  is  concluded,    I  do  not  know  in  the  least.     However,    if  the  general 
international  concept  of  the  high  seas  continues  to  be  guaranteed  in  the  future,    the  time  will 
surely  come  when  this  fishery  will  be  permitted  to  operate  freely.     Until  that  day  I  hope  to  con- 
tinue studying  the  essential  character  of  the  resource  insofar  as  I  am  able,    and  attempting  to 
contribute  to  the  establishment  of  a  planned,    stabilized  tuna  fishery  without  any  diminution  of 
the  resource.     Corrections  and  contributions  of  data  from  the  readers  are  requested. 

I  have  dared  to  undertake  the  writing  of  this  report,    despite  my  lack  of  talent,    in 
the  hopes  that  my  little  knowledge  and  feeble  effort  might  be  of  some  use.     A  direct  motive  has 
been  the  urging  of  the  director  of  this  station,    Dr.    Morisaburo  Tauchi,    fronn  whom  I  have  re- 
ceived various  assistance.     I  wish  here  to  express  my  deep  thanks  to  him.      (January  2,    1948) 

P.S. 

During  the  writing  of  this  manuscript  a  great  revolution  in  fisheries  research 
agencies  has  taken  place,    the  former  Fisheries  Experiment  Station  of  the  Ministry  of 
Agriculture  and  Forestry  has  been  abolished,    and  the  regional  fisheries  laboratories  have  been 
established.      The  writer  has  been  appointed  director  of  the  Nankai  Regional  Fisheries  Research 
Laboratory.     Consequently,    this  report,   which  was  to  have  been  published  by  the  Fisheries 
Experiment  Station  of  the  Ministry  of  Agriculture  and  Forestry,    has  been  changed  to  a  report  of 
the  Southern  Regional  Fisheries  Research  Laboratory. 

March  30,    1950) 

I.     Types  of  Fisheries  and  Their  General  Description 

There  are  three  nnajor  types  of  fisheries  for  the  tunas   amd  spearfishes.     The  first  is 
the  net  fishery,    the  second  the  hook  and  line  fishery,    and  the  third  is  the  harpoon  fishery. 


A.      Net  Fisheries 

There  are  two  types  of  net  fisheries    Jiaving    the  tunas   as  their  object.      The  first  is 
that  called  the  set-net  or  trap  fishery,    where  the  net  is  permanently  fixed  at  a  definite  location. 
The  second  includes  fisheries  using  movable  nets,    not  fixed  in  one  place,    and  it  comprises 
round  haul  nets,   drift  nets,    and  gill  nets. 

1.     Stationary  net  fisheries 

An  example  is  the  large  set-net.     This  type  of  net  is  held  at  one  location  by  the  use 
of  anchors  and  floats  and  sinkers,    so  it  is  necessary  that  the  place  where  the  net  is  set  up  be  not 
very  deep.     As  it  is  naturally  impossible  to  move  the  net  at  will,   unless  it  is  set  up  across  paths 
travelled  by  the  fish,    it  will  be  difficult  for  it  to  attain  its  objective  of  catching  fish. 

These  two  conditions  place  basic  limitations  on  the  establishment  of  tliis  type  of 
fishery.     Places  which  fulfill  these  conditions  are  not  to  be  found  everywhere  but  are  naturally 
extremely  limited. 

Places  which  meet  the  above  two  requirements,    that  is,    locations  suitable  for  the 
set-net  fishery,    are  either  on  coasts  where  the  water  is  comparatively  deep  close  to  shore, 
where  the  effect  of  run-off  from  the  land  is  small,    and  where  the  coast  faces  directly  on  areas 
of  warm  current,    or  they  are  at  places  having  such  topography  as  the  tips  of  capes  or  penin- 
sulas at  the  mouth  of  large  bays.     However,    even  if  these  conditions  are  perfectly  met,    if  the 
current  jind  tides  in  the  area  are  very  strong,    it  will  be  impossible  to  set  up  the  gear  and  the 
location  will,    of  course,    be  unsuitable  as  a  fishing  ground. 

Thus  this  type  of  gear  does  not  have  the  positive  character  of  chasing  and  catching  the 
fish,   but  rather  waits  for  the  fish  to  come  of  its  own  accord  into  the  net.     Consequently,    because 
of  changes  in  oceanogr aphic  conditions  and  abnormalities  in  the  weather,    even  though  a  net  of 
the  same  construction  is  set  up  in  exactly  the  same  place,   the  catch  will  be  good  or  bad  from 
year  to  year  and  fluctuations  in  the  catch  will  be  difficult  to  avoid.     The  catch  of  such  gear  is  not 
limited  to  the  tunas,    but  other  fish  such  as  yellowtail  and  skipjack  large  enough  to  enter  the  net 
will  all  be  taken  by  this  type  of  fishery. 

As  this  net  is  on  a  large  scale  it  requires  a  considerable  amount  of  capital  to 
establish  one.     It  may  be  thought  that  large  sums  of  money  can  be  earned  in  the  course  of  one 
night  with  this  type  of  gear,    but  when  poor  fishing  continues  for  sometime  and  there  is  damage 
from  rough  weather,    it  is  often  found  that  one  fine  morning  the  whole  property  has  been  lost. 

As  the  figure  shows  (Translator's  note:     figure  onnitted),    the  net  consists  of  two 
parts,   the  lead  and  the  heart.     The  lead  cuts  off  the  path  of  the  fish  and  acts  to  direct  them  into 
the  heart. 

When  a  tuna  comes  swimming  along  and  encounters  the  lead,    he  is  frightened  by  the 
net  and  tries  to  escape,   follows  the  net  out  to  sea,    and  at  last  enters  the  heart  of  the  trap. 
When  fish  enter  the  heart  of  the  trap,    a  lookout  who  is  on  watch  signals  at  an  appropriate   time 
to  the  tender  boat.     The  boat  is  standing  by  the  mouth  of  the  heart  and  when  the  signal  is  re- 
ceived the  men  in  the  boat  quickly  close  the  opening  of  the  heart  so  that  the  fish  cannot  escape. 
They  then  gradually  haul  the  net  in  such  fashion  that  the  fish  are  driven  into  the  bunt  from  which 
they  are  brought  into  the  boat  by  means  of  gaff  hooks. 

There  are  among  the  tunas,    as  is  set  forth  in  a  later  section,    several  species.     The 
different  species  each  have  their  different  habits.     The  bigeye  tuna,   the  albacore,    and  the 
yellowfin  tuna  do  not  often  approach  coasts  suitable  for  the  use  of  large  set-nets  and  therefore 
they  are  hardly  taken  by  this  type  of  fishery.     Immature  yellowfin,   however,    do  tend  to  enter 
coastal  waters  and  at  their  immature  stages  they  are  often  taken.     The  black  tuna  and  some  of 
the  spearfishes  characteristically  enter  coastal  water  areas   and  therefore  the  catch  of  the  set-net 
is  principally  these  species. 


It  is  not  known  when  or  by  whom  the  set-net  was  invented  and  put  into  actual  use. 
However,    it  is  certain  that  the  invention  and  application  of  this  gear  took  place    an  extremely 
long  time  ago.     The  tuna  trap  shown  in  the  figure  is  extracted  from  the  Nippon  Suissin    S'"'.ihoshi— 
and  the  outline  of  its  construction  is  as  follows. 
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"A  large  net  in  the  county  of  Kochika  in  the  province  of  Rikuzen  is  designed  chiefly 
to  take  tuna,    however,    as  it  is  a  fixed  fishing  gear  snappers,    yellowtail,    sardine,    skipjack,    tuna, 
and  sharks  all  enter  it.  ,  .  ,  The  fishing  ground  is  at  the  point  of  a  cape  where  trees  grow  luxuri- 
antly and  where  the  coast  line  forms   a  rounded  bay.     It  is  located  over  400  ken  (200  yards)  from 
shore  in  waters  25  -  26  fathoms  deep  and  is  set  up  in  such  a  way  as  to  embrace  the  mouth  of  the 
bay.     The  local  tradition  concerning  the  origin  of  this  net  ascribes  its  invention  to  one  SaburO 
Torimi  of  the  Abe  clan,    who  taught  the  nnethod  to  the  fisher-folk.     Under  the  old  Sendai  feudal 
lords,    the  net  was  insured  by  a  grant  of  nnoney  from  the  local  ruler  for  the  repair  of  the  net 
when  it  was  damaged  by  stormy  weather.  " 

The  catch  of  tunas  by  fixed  gear  according  to  statistics  of  the  Ministry  of  Agriculture 
and  Forestry  for  1941  amounted  to  a  total  of  9,258,  324  pounds.     According  to  the  same  statis- 
tics,   regions  in  which  the  catch  anaounted  to  over   10,  000  kan  (82,  700  pounds)  were  as  shown  in 
the  following  table.     From  1942  on  the  migrations  of  black  tuna  into  Japanese  coastal  waters 
dropped  off  markedly,    and  for  this  reason  the  catch  of  tunas  by  fixed  gear  has  diminished  to 
almost  nothing. 

Table   1. --Catch  by  fixed  gear  in  various 
regions   (in  pounds) 


Region 

Catch 

Region 

Catch 

Hokkaido 

2,050,629 

Fukui 

182,279 

Iwate 

2,919,  781 

Shizuoka 

135,430 

Akita 

1,087,  505 

Tottori 

619, 357 

Miyagi 

558,605 

Ehime 

149,844 

Toyama 

144, 799 

Kochi 

162,911 

Ishikawa 

156,055 

Nagassiki 

138, 307 

Notes:     (1)    According  to  Ministry  of  Agriculture  and  Forestry 
statistics  for   1941. 
(2)     Only  those  prefectures  having  a  catch  over   10,  000 
kan  (82, 700  pounds)  are  shown. 

2.     DrJit-net  fishery 

In  this  fishery,   unlike  the  trap  fishery,    the  nets  are  loaded  into  the  fishing  boat  and 
carried  to  the  place  where  they  are  to  be  used.     Consequently,    it  has  the  characteristic  of 
mobility,    and  can  be  saiid  to  be  of  a  more  positive  character  than  the  trap  fishery. 

In  catching  snnall  birds  a  so-called  "mist  net"  is  used,    and  the  drift-net  may  be 
thought  of  as  a  mist  net  used  in  the  sea.     In  short,   the  net  is  stretched  across  the  path  of  the 
fish,    and  waits  for  passing  fish  to  be  caught  in  it. 

Tuna  generally  swinn  in  the  direction  of  flow  of  the  current,    and  therefore  the  net 
must  be  set  roughly  at  right  angles  to  the  current.      Furthermore,  as  the  depth  of  the  net  is  quite 


_1_/     Published  by  the  Fisheries  Bureau  of  the  Ministry  of  Agriculture  and  Commerce  in   1910.     The 
author  has  supplied  suitable  diacritical  marks  to  assist  in  the  reading  of  the  Chinese-style 
text  of  the  description. 


insignificant  in  comparison  with  the  depth  of  the  sea,    it  goes  without  saying  that  it  can  take  only 
those  fish  which  swim  at  the  very  surface.     Consequently  unless  this  gear  is  used  at  a  place  and 
at  a  time  where  the  tunas  swim  in  the  surface  layer,    it  will  not  attain  its  objective  of  catching 
fish.     Also,   the  tunas  naturally  have  the  power    of  sight,    and  when  they  encounter  a  net,   they  will 
try  to  escape,    so  this  gear  is  useless  unless  employed  at  night,    when  the  meshes  of  the  net  can- 
not be  seen. 

The  factors  which  control  the  vertical  distribution  of  the  tunas  are  thought  to  be 
principally  such  things  as  light,    temperature,    and  water  pressure.     As  far  as  light  is  concerned, 
fishes  in  general  share  the  characteristic  of  inhabiting  deeper  levels  during  the  day  than  during 
the  night.     This  characteristic  appears  also  in  the  tunas,    and  is  particularly  marked  in  the  case 
of  the  bigeye  tuna. 

With  respect  to  temperature,    the  majority  of  tuna  species  are  basically  warm-water 
fishes,    preferring  to  inliabit  sea  areas  having  warm  waters.     They  are  thought  to  be  extremely 
sensitive  to  changes  in  tennperature,    but  this  means  only  that  the  linnits  of  the  tennperature  at 
which  they  will  live  are  clearly  nnarked,    and  does  not  mean  that  the  range  of  temperatures  which 
they  can  withstand  is  narrow.     It  is  thought  that  the  range  of  temperatures  which  they  can  endure 
is  rather  broad.     It  is  known  in  the  waters  of  the  low  latitudes  they  generally  swim  at  fairly  deep 
levels.     In  such  areas  temperatures  at  which  the  tunas  can  live  are  found  at  the  surface,    at  the 
100-meter  level,    and  in  some  cases  even  deeper.     Fronn  an  examination  of  a  considerable 
amount  of  data,    it  appears  that  in  the  waters  of  the  low  latitudes,    the  tunas  are  generally  most 
abundant  in  the  vicinity    of  the   100-meter  level.     Compared  with  the  temperatures  which  are 
thought  to  be  most  favorable  for  the  occurrence  of  tuna  in  Japanese  waters,   the  water  tempera- 
tures at  the  100-meter  level  in  tropical  seas  are  rather  high.      This  fact  is  thought  to  show  that 
in  some  circumstances  the  effect  of  water  temperature  on  vertical  distribution  is  not  very  great, 
indicating  that  the  action  of  light  is  more  important.     The  above-expressed  opinion  that  the 
density  of  distribution  is  greatest  in  the  vicinity  of  the     100-  meter  level  is  not  actually  based  on 
any  study  of  the  density  of  distribution,    but  rather  on  the  circumstances  under  which  catches   are 
made  in  the  longline  fishery,    and  therefore  it  may  naturally  be  thought  that  the  strength  of  the 
light  rays  may    be  a  factor  in  making  the  fish  easier  to  catch.     However,    at  present  it  is  inn- 
possible  to  conclude  whether  light  or  temperature  is  the  nnost  important  factor  in  determining  the 
vertical  distribution  of  the  tunas. 

As  far  as  water  pressure  is   concerned,    the  adaptability  of  the  tunas  to  changes  in 
this  factor  is  thought  to  be  extraordinarily  great.     In  tropical  waters,    for  exan-iple  in  the  Celebes 
Sea,   they  occur  in  considerable  density  as  deep  as  well  over   100  meters,    and  they  also  occur 
practically  on  the  surface.     In  short,    it  is  thought  that  they  can  withstand  water  pressures  rang- 
ing from  about  1  to  well  over   10  atmospheres. 

Other  fishes  are  known  which  can  withstand  considerable  changes  in  water  pressure 
where  the  changes  occur  gradually,    but  ordinarily  they  cannot  withstand  sudden  changes.     The 
tunas,    however,    are  thought  to  have  remarkable  resistance  against  sudden  changes  in  water 
pressure.     For  example,    if  we  look  at  the  behavior  of  tunas  when  they  are  hooked,    we  see  that 
they  sometimes  make  one  deep  dive,    going  so  deep  that  the  glass  ball  which  is  used  as  a  float  is 
crushed  by  the  water  pressure.     As  was  noted  above,    in  tropical  sea  areas  the  identical  species 
is  distributed  at  markedly  greater  depths  than  it  is  in  waters  of  higher^  latitudes,    Jind  is  thought 
to  be  able  to  withstand  more  violent  changes  in  external  pressure,    for  which  reason  it  can  be 
concluded  that  the  effects  of  external  pressure  are  not  very  importauit  in  determining  the  vertical 
distribution  of  the  tunas. 

It  has  already  been  stated  that  temperature  and  light  are  the  main  causes  of  the 
vertical  movement  of  the  fish.     In  Japanese  waters,    off  Hokkaido    and  the  northeastern  coast  of 
Honshu,  a  warnn  current  forms  a  shallow  layer  on  the  surface,   below  which  runs  the  cold  current 
of  the  Oyashio.     In  waters  presenting  oceanogr aphic  conditions  of  this  sort,    the  tunas  naturally 
are  distributed  only  in  the  surface  layer,    affording  favorable  conditions  for  the  drift-net 
fishery. 


A  boat  which  has  arrived  on  the  fishing  ground  sets  nets  in  the  evening.     As  was 
stated  earlier,    the  net  is  set  at  a  right  cingle  to  the  flow  of  the  current.      Buoys  are  attached  to 
the  net,    as  shown  in  the  figure,    and  a  line  called  the  myakuzuna  ("pulse-line")  is  fastened  to 
the  boat,    which  turns  its  bow  upcurrent  and  drifts,   waiting  for  the  fish  to  strike  the  net.     The 
myakuzuna     not  only  performs  the  function  of  connecting  the  boat  and  net,    but  it  also  transmits 
to  the  boat  the  impact  when  the  tunas  strike  the  net.     The  hauling  in  of  the  net  and  the  taking  of 
the  fish  are  generally  begun  at  dawn,    but  when  the  catch  is  large  the  nets  may  be  hauled  several 
times  during  the  night. 

This  fishery  has  completely  decayed  in  recent  years,    and  there  arc  no  boats  engaged 
in  it  at  present. 

(Translator's  note:    figure  2,    a  rough  sketch  of  a  drift-net,    is  omitted.) 

3.     Round  haul  net  fisheries 

This  type  of  fishery  can  be  said  to  have  an  even  more  positive  character  than  the 
drift-net  fishery.     In  fax;t  it  can  be  said  to  be  the  most  positive  of  all  the  tuna  fisheries.     There 
is  one  method  which  has  been  in  use  in  Japan  since  ancient  times,    and  another,    the  A.nerican- 
type  purse  seine,   which  has  been  imported  from  America  in  recent  years.     Concerning  the  old 
method,    the  following  description  has  been  abridged  from  the  Nippon  Suisan  Saihoshi. 

Ordinarily  from  three  to  five  boats  form  a  team,    with   10  to   15  fisher nnen  on  each 
boat.     Arriving  on  the  fishing  grounds  these  boats  separate  and  quickly  surround  asi  area  of  the 
sea  with  their  nets,    cutting  off  the  escape  of  the  tunas  and  finally  driving  them  into  the  bunt  of 
the  net. 

The  Annerican-type  purse  seine  has  already  been  in  use  for  over  20  years  in 
America  and  its  use  is  increasing  from  year  to  year,   the  catch  by  this  method  having  gradually 
approached  ajid  in  some  regions  surpassed  that  from  the  pole  and  line  fishery.      The  catch  appears 
to  be  mainly  young  tunas  and  skipjack. 

This  fishing  method  was  imported  into  Japan  after  the  end  of  the  second  World  War. 
In  1948  the  Suisan  Kenkyu  Kai,    in  cooperation  with  the  Tokyo  Fisheries  Company,    tested  this 
fishing  method  with  the  Shiroyuri  Maru  (100  tons).     During  the  trial  period  of  about   1  month  a 
total  of  about  80  tons  of  skipjack  and  tunas  (about  21,  000  kan)  were  taken,    attesting  the  feasibi- 
lity of  this  fishing  method.     In  1949  five  purse  seiners  fished  and  took  about  744,  300  pounds. 
The  principal  catch  was  skipjack  and  young  bigeyed  tuna. 

The  construction  of  the  gear  varies  depending  upon  the  type  of  boat,   but  figure  3 
shows  one  type  in  use  (Translator's   note:     figure  omitted).      The  following  table  lists  the  mate- 
rials employed. 

The  nnaterials  used  in  the  net  shown  in  figure   3  are  listed  in  the  following  table, 
(knotless  net  was  used). 

When  a  school  of  fish  is  sighted,   the  net  is  set  so  as  to  cut  across  the  line  in  which 
they  are  moving,    it  is  hauled  around  the  school,    the  lead  line  is  pursed  up,    and  the  fish  are 
captured.     These  operations  are  almost  entirely  carried  out  by  the  use  of  machinery,   making  t!ie 
operation  extremely  efficient. 

The  fishing  grounds  up  to  the  present  have  been  almost  completely  limited  to  the 
waters  off  northeastern   Japan.     As  this  area  presents  oceanographic  conditions  which  make  the 
tunas  and  skipjack  swim  in  the  surface  layers,    it  is  well  suited  to  this  fishery.     The  question  of 
whether  or  not  this  fishery  can  be  established  in  the  wau-m  currents  of  the  south,    where  ocea- 
nographic conditions  are  different,    can  only  be  clarified  by  future  experimentation. 


Table  2. --Materials  required  for  an  American-style 
purse  seine 


Item 

Type 

Quantity 

Unit  weight 
1  00  meshes, 
600  ft. 

Total  weight 

Size 
(thread) 

Mesh 
(sun)* 

Depth 
(meshes) 

20-count  cotton 

M 

ti 

90 
70 
120 

4 
3.5 
6,5 

no 

100 
50 

600  ;:  2 
600  X  7 
606  X   I 

kan* 
33,600 
23,800 
40,800 

kan* 
367,200 
999, 600 
244,800 

Total 

.. 

1,611,  600 

20-count    cotton 
It 

(spares  20%) 
(for  repair  5%) 
(for  sewing  3%) 

320, 000 
80,000 
50,000 

Total 

2,061,600 

Rope 

Wire  rope 
Lead 
Rubber 
Coal  tar 

. 

4, 000  pounds 
1,000  kg 
2,000  kg 
300  kg 
6,000  kg 

Note:     This  table  and  figure   3  are  both  taken  from  theSuisan  Kenkyu    Kaiho    No.    2, 
Novennber   1949. 

(Translator's  note:  *1  sun  =1.2  inches  **1  kan  =  8.27  pounds) 

The  amount  of  the  catch  by  the  drift-net  fishery  is  not  known,    but  according  to 
Ministry  of  Agriculture  and  Forestry  statistics  for   1941  the  catch  by  round  haul  nets  was 
1,  627,  263  pounds.      This  was  about  1/6  as  much  as  the  catch  by  set-nets  for  the  same  year. 

B.     Hook  and  Line  Fisheries 

The  mainstay  of  the  tuna  fisheries  at  present  are  the  hook  and  line  fisheries.     If,    for 
example,    we  consult  the  statistics  of  the  Ministry  of  Agriculture  and  Forestry  for   1941,    we  find 
that  the  total  catch  of  the  net  fisheries  was  about  10,  751,  000  pounds,    while  the  catch  by  the 
hook  and  line  fisheries,    as  shown  in  the  following  table,    was  about  6  times  as  great. 

Table  3.--  Tunacatch  by  the  hook  and  line  fisheries 
(Ministry  of  Agriculture  and  Forestry 
statistics,    1941) 


Type  of  Fishery 

Amount  of  Catch 
(pounds ) 

Longline  fishery 
Pole  and  line  fishery 
Total 

51,524,606 
12,867, 797 
64, 392.403 

The  above  table  gives  only  the  tuna  catch,    but  the  longline  fishery  took  in  addition 
13,298,061  pounds  of  spearfishes,    giving  a  combined  total  for  tunas  and  spearfishes  of 
77,  690,464  pounds.     In  addition  it  is  estinnated  that  the  shark  catch  by  the  longline  fishery 
announts  to  around  45,485,  000  pounds,    so  if  all  of  these  are  included,    the  catch  will  be  a  little 
less  than  124, 050, 000  pounds. 

The  hook  and  line  fisheries  are,    as  shown  in  table  3,    divided  into  the  longline  fishery 
and  the  single  line  fishery,    the  latter  being  further  divided  into  trolling  and  pole  and  line  fisher- 
ies. 

1.  Trolling 

In  trolling  a  number  of  lines  are  paid  out  fronn  the  fishing  boat  with  artificial  lures  or 
baited  hooks  attached  to  their  ends.     The  boat  runs  back  and  forth  pulling  these  lines  and  cap- 
tures tunas,    bonitos,    and  spearfishes.     The  use  of  hooka  with  artificial  lures  is  like  the  use  of 
flies  in  fishing  in  streams.     Various  forms  of  artificial  lures  are  used,   depending  upon  the  type 
of  fish  sought  and  the  locality.     (Translator's  note:    figure  4,    a  sketch  of  a  trolling  jig,    is 
omitted. ) 

This  is  a  fishery  which  is  carried  on  widely,    not  only  in  Japan  but  also  in  Europe, 
America,    Indonesia,    and  Micronesia,    and  every  where  upon   exactly  the  same  principles.     The 
contrivances  used  in  this  type  of  fishing  in  America  are  more  refined  tham  those  employed  in 
Japsm.     Two  or  three  feet  ahead  of  the  lure  they  attach  what  is  called  a  "teaser.  "    When  the  gear 
is  trolled,   the  teaser  appears  to  be  a  small  animal  being  pursued  by  the  lure,    which  is  in  turn 
seized  by  the  tuna  or  skipjack.     This  is   a  very  rationalized  system  and  is  probably  advantageous 
because  of  the  greater  visual  stimulus  to  the  fish,    but  it  is  not  known  whether  or  not  it  improves 
the  catch  because  there  are  no  data  from  comparative  experiments.     It  is  recorded  that  the 
natives  in  the  New  Guinea  area  catch  fish  by  using  a  kite  made  of  nipa  palm  leaves  to  the  tail  of 
which  a  fish  hook  is  attached. 

Throughout  Japan  the  trolling  fisheries  are  just  small  scale  coastal  fisheries  using 
small  boats.     The  nnain  items  in  the  catch  are  skipjack,  Auxis,    Sarda,   young  tuna,    dolphin,    and 
cybiids.     However,    it  is  reported  that  in  the  times  when  black  tuna  occurred  in  very  large 
nunnbers  on  the  fishing  grounds  around  Tanegashinna  and  off  Hokkaido,    a  rather  large  amount  of 
black  tuna  was  taken  by  this  method.     Aside  from  these  vessels  that  specialize  in  trolling,    the 
longline  vessels  in  nnost  cases  troll  one  or  two  lines  on  their  way  to  and  from  the  fishing  grounds, 

2.  Pole  and  line  fisheries 

In  these  fisheries  poles  are  used  to  catch  fish  by  hand.     The  tunas  taken  by  these 
fisheries  are  mainly  albacore  and  the  young  of  other  species.     However,    as  will  be  described 
later,   under  some  circumstances  fairly  large  fish  are  also  taken. 

The  number  of  fishermen  varies  with  the  size  of  the  boat,    but  it  runs  from  10  to  30 
or  more.     The  boats  have  live-wells  in  which  sardines   are  kept  to  be  used  as  live  bait.     When 
the  boats  arrive  on  the  fishing  ground  and  a  school  of  tuna  is  sighted,    bait  is  scattered  to  con- 
centrate the   fish,    which  are  then  caught  using  either  artificial  lures  or  baited  hooks. 

The  fishing  method  is  exactly  like  that  used  in  talking  skipjack.     When  the  schools 
consist  of  large  tuna,   two  fishermen  sometimes  work  together  as  a  team.     As  figure  5  shows 
(Translator's  note:    figure  omitted),   the  lines  from  two  poles  are  joined  together  and  attached  to 
a  single  hook.     As  this  means  that  the  number  of  hooks  is  cut  in  half  it  might  be  thought  in- 
efficient,   but  since  even  slightly  large  tuna  cannot  be  easily  brought  into  the  boat  by  the 
strength  of  one  man,    this  use  of  two-man  teams  actually  results  in  greater   efficiency.      By  this 
method  even  large  fish  of  about  30  kg  weight  can  be  lifted  into  the  boat  with  one  swing. 


In  America,    as  has  already  been  stated,   purse  seining  and  pole  and  line  fishing  are 
the  main  methods  employed  in  catching  tuna,    there  being  no  longline  fishery.     It  appears  that 
plans  are  already  being  made  for  the  advance  of  this  fishery  into  the  former  South  Seas  Mandate 
area,    and  studies  are  being  made  of  the  distribution  of  bait  and  of  tunas  and  skipjack. 

Compared  to  the  tuna  longline  fishery,    this  method  has  the  advantage  on  the  score  of 
the  exertion  required  of  the  individual  fisherman,    however,    the  essential  weakness  of  this  fish- 
ing method  lies  in  the  fact  that  it  always  requires  live  bait.     According  to  the  above-mentioned 
report  of  American  explorations  in  the  waters  of  the  former  South  Seas  Mandate,    the  establish- 
ment of  this  fishery  in  that  region  appears  doubtful  because  of  the  bait  problem.     However,    as 
everyone  knows,    the  waters  of  that  region  are  an  excellent  fishing  ground  for  the  longline 
fishery.     The  value  of  those  fishing  grounds  will  be  discussed  in  a  later  section. 

3,     Drift  line  (nagashiyoma)  fishery 

This  fishery  has  been  carried  on  in  the  past,    but  it  is  not  known  whether  it  is  at 
present.     A  brief  account  of  it  is  given  here  because  its  concept  contains  some  very  interesting 
features.     It  is  called  nagashiyoma  in  the  Nagasaki  area  ajid  nagashinawa  in  the  Izu  region. 

The  fishing  gear  consists  of  a  barrel,    line,    and  hook.     The  barrel  performs  a 
double  function  as  a  float  and  a  reel,    with  the  line  wound  around  it.     A  hook  is  attached  to  the  tip 
of  the  line  exactly  as  in  the  case  of  the  longline,    which  will  be  described  later,   with  a  wire  leader 
and  a  sekiyama.     For  bait  sardines  and  squid  are  mainly  used,    and  the  gear  is  chiefly  employed 
with  the  object  of  catching  albacore  (Translator's  note:     figure  6,    depicting  this  gear,    is  onnitted.) 

When  the  hook  has  been  baited,    the  line  is  paid  out  to  a  suitable  length  and  allowed  to 
hang  down  into  the  sea,   the  remainder  of  the  line  being  then  secured  either  to  the  barrel  or  upon 
itself  with  a  thin  string  so  that  no  more  will  unreel  off  the  barrel.     The  string   used  for  stopping 
the  line  must  be  neither  too  strong  nor  too  weak.     When  a  tuna  takes  the  hook  and  begins  to 
fight,    it  is  necessary  that  the  string  be  strong  enough  to  set  the  hook  thoroughly  in  the  fish's 
mouth.     When  the  hooked  tuna  attempts  to  dive  deep,    the  string  must  be  of  such  strength  that  it 
will  break  from  the  combined  force  of  the  buoyancy  of  the  barrel  and  the  pull  of  the  fish. 

When  a  tuna  is  hooked,   the  string  breaks  ajid  the  barrel  spins  violently,    paying  out 
the  line.     The  fishing  boat,    which  is  standing  by,    immediately  is  rowed  to  the  barrel  and  the  line 
is  pulled  in  by  hand.     The  spinning  of  this  barrel  is  described  in  old  books  as  being  just  like  a 
mill  wheel. 

Ordinarily  one  boat  operates  about  8  tubs,    which  are  set  in  a  line  at  suitable 
intervals.     This  is  thought  to  have  been  the  origin  of  the  longline,    which  will  be  described  later, 
but  the  relationship  is  not   well   known. 

When  the  tunas  are  hooked,    they  tend  to  dive  violently  and  deep.     If  the  tub  with  its 
great  buoyancy  were  acting  directly  as  a  float,   there  would  be  danger  of  the  line's  parting.     On 
the  other  hand,    if  a  float  of  small  buoyancy  were  employed,    there  would  be  danger  of  its  being 
pulled  under  by  the  fish.     The  idea  of  fastening  the  line  to  the  barrel  with  suitable  string,    having 
this  string  broken  by  the  pull  of  the  tuna,    and  having  the  barrel  revolve  and  pay  out  the  line  is 
the  same  in  principle  as  the  modern  reel. 

The  catch  of  the  hook  and  line  fishery  was  mentioned  earlier,    the  amount  exceeding 
the  catch  by  all  net  fisheries  for  the  sanne  year.     Prefectures  with  a  catch  of  over   10,  000  kan 
(82,  700  pounds)  and  the  amount  of  their  catch  are  given  in  the  following  table. 

Large  catches  are  shown  for  Miyazaki,    Kagoshima,   Shizuoka,    and  Okinawa  prefec- 
tures.    This  pattern  corresponds  at  many  points  with  the  skipjack  landings,    shov/ing  the  re- 
latedness  of  these  two  fisheries. 


Table  4. --Tuna  catch  by  hook  and  line  fisheries  in 
various  localities  (1941,    Ministry  of 
Agriculture  and  Forestry  statistics) 


Catch 

Catch 

Locality 

(pounds) 

Locality 

(pounds) 

Miyagi 

1,045,957 

Fukushima 

250,689 

Chiba 

119,  105 

Tokyo 

156, 683 

Kanagawa 

160.769 

Shizuoka 

2,  640,495 

Mie 

1, 077, 912 

Wakayama 

505, 371 

Tokushima 

198,  166 

Kochi 

197,405 

Nagasaki 

134,942 

Miyazaki 

4,024,959 

Kagoshima 

1,  387,  590 

Okinawa 

874, 280 

4.     Longline  fishery 

The  longline  fishery  is  the  most  important  of  the  tuna  fisheries,   both  in  terms  of  the 
scale  on  which  it  is  prosecuted  and  in  terms  of  the  catch. 

The  gear  is  built  around  one  trunk  line  to  which  float  lines  (ukinawa  or  abanawa)  and 
branch  lines  are  fastened.     In  the  old  days  hemp  was  used  as  material  for  the  lines,    but  at 
present  cotton  is  generally  employed.      The  gear  used  in  the  spear-fishery  of  Kagoshima  Prefec- 
ture   employs    lines  of  about  7  momme  weight,    but  ordinarily  9  momme  or   10  momme  line  is 
employed.      This  designation  shows  the  weight  in  monnme  of  five  shaku  of  line  (I  momme  =  0.  1325 
ounce,    1  shaku  =  1  foot). 

The  thickness  of  the  line  used  has  gradually  increased  in  recent  years,    the  main 
reason  being  the  increase  in  the  size  of  fishing  boats  with  the  increase  in  the  nunnber  of  units  of 
gear  used  as  another  reason.     At  the  end  of  the  branch  line  a  sekiyajna  is  attached  with  a  swivel. 
Formerly  the  sekiyama  was  made  of  a  heart  of  high-grade  Noshu  hemp  wound  with  cotton  line, 
but  at  present  this  is  hardly  used  at  all,    the  ordinarily  employed  sekiyama  being  made  of  nine 
strands  of  No.    28  steel  wire  wrapped  with  cotton.     A  wire  leader  is  attached  to  the  end  of  the 
sekiyama.      This  leader  is  usually  nine  strands  of  No.    27  steel  wire,    but  some  fishermen  claim 
that  seven  strands  of  No.    25  wire  is  best.      The  hook  is  attached  to  the  end  of  the  leader  wire. 

A  glass  ball  30  cm  in  diameter,    with  walls  8  mm  thick,    wrapped  in  netting,    is 
attached  to  the  float  line  as  a  float.     Sometimes  billets  of  paulownia  wood  about  3  inches  in  diam- 
eter are  used  as  floats.     In  recent  years  iron  or  aluminum  ball  floats  have  come  into  use.     The 
floats  combine  the  functions  of  supporting  the  line,    signaling  the  presence  of  fish  on  the  line,    and 
identifipation.     The  float  functions  and  the  marker  functions  are  the  most  important.     Ordinarily 
a  flag  of  cloth  or  of  palm  fiber  is  attached  to  a  bamboo  pole  to  mark  the  float.     At  night  in  order 
not  to  lose   sight  of  the  line,   light  buoys  are  attached  here  and  there.     Formerly  carbide  lamps 
were  used  for  this  purpose,    but  at  present  battery-powered  lights  are  generally  used.     As  the 
disappearance  of  the  line  means  a  very  serious  loss,    recently  such  plans  as  the  attachment  of  a 
device  to  the  float  to  transmit  electrical  waves  which  could  be  received  by  the  fishing  boat  have 
been  devised  zind  will  probably  be  put  into  actual  use  in  the  near  future. 

The  construction  of  the  lines  varies  depending  on  the  type  of  fish  sought,    the 
locality,    or  the  individual  fisherman,    but  the  basic  form  is  invariable.     In  any  case  there  is  a 
single  main  line  with  a  number  of  branch  lines  and  float  lines  made  so  as  to  hang  the  hook  at  a 
suitable  depth. 
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Gear  is   ordinarily  counted  in  terms   of  baskets  or  of  skates.      For.nerly  each  section 
of  line  was  put  away  separately  in  a  basket,    but  these  are  hardly  used  at  all  at  present  because  of 
their  bulk.      The  unit  of  gear   is   a  hold-over  from  this  former   practice. 

The  length  of  the  main  line  of  one  basket  is   subject  to  various   changes,    but  those   in 
use  at  present  are  generally  of  about  300  meters.      To  this  usually  one  float  line  is  attached. 
The  float  line's  length  is  not  fixed  but  can  be  suitably  adjusted  depending  on  the  fishing  ground. 
The  branch  lines  in  common  use  at  present  have  a  cotton  part  of  about   15  meters,    and  sekiyar.-ia 
and  wire  leaders  of  3  to  5  meters  each.     This,    however,    is  not  invariable  but  differs  with 
oceanographic  conditions  and  the  species  of  fish  that  is  sought.     A  particularly  mar.-ed  e.xample 
of  variation  is  found  in  the  gear  used  for  black  tuna  in  Miyazaki  Prefecture,    in  ■.'.hich  each  basket 
has  only  one  branch  line,    a  rather  long  one.       In  gear  designed  to  take  spearfishes  and  albacore 
generally  the  branch  lines  are  short  and  numerous,    there  sometimes  being  more  than  10  branch 
lines   in  one  basket.      In  recent  years,    hov/ever,    even  albacore  lines   show  a  trend  toward  longer 
branch  lines  and  a  smaller  number  per  basket.     The  reasons   are  thought  to  be  related  both  to  the 
supply  of  material  and  to  catch  rates. 

The  number  of  units  of  gear  employed  at  one  time  varies  with  the  size  of  the  vessel, 
in  recent  years  it  has  increased  rapidly  so  that  the  large  boats  are  actually  using  300  to  330 
baskets.    Assuming  that  each  basket  has  5  hooks,    the  number  of  hooks  fished  each  time  ranges 
from   1,500  to   1,750.     If  the  length  of  the  main  line  is,    for  example,    300  meters,    the  total  length 
of  the  gear  will  be  90  to   100  kilometers.     In  actuality  the  main  lines  are  not  stretched  taut  but 
sag  about  60  percent.     The  use  of  such  large  quantities  of  gear  is  principally  for  the  purpose  of 
increasing  the  catch  per  day,   but  it  can    also  be  thought  to  increase  the  chance  of  the  line's  en- 
countering schools  of  fish.     However,    as  considerable  strain  is  put  on  the  material,    this  cannot 
help  shortening  the  life  of  the  line. 

If  the  scale  of  operations  outlined  above  is  compared  with  the  trolling  and  pole  and 
line  fishe  ries,    it  should  be  clear  that  the  longline  fishery  is  in  quite  a  different  category  as  far 
as  the  size  of  the  undertaking  is  concerned. 

Both  large  and  small  vessels  are  engaged  in  this  fishery.      Before  the  war  vessels  in 
the  200-ton  class  were  being  constructed.     Sincethe  war  there  are  some  boats  in  the  200-ton 
class,    but  the  majority  of  them  have  followed  the     standards  for  the  45,    75,    90,    and   135-ton 
classes.     The  present  fleet  numbers    1,236  boats,    with  a  total  tonnage  of   1 0  1 ,  260.  26  tons  and 
total  horsepower    of  192,233.6.     The  following  table  gives  a  breakdown. 

This  fishery  has  grown  up  in  very  close  association  with  the  skipjack  pole  and  line 
fishery.     In  the  past  the  boats  engaged  in  the  skipjack  fishery  during  the  summer  have  shifted  to 
this  fishery  during  the  winter,    however,    in  recent  years  there  has  been  a  tendency  for  the 
number  of  fishing  boats  specializing  in  this  fishery  to  increase  and  about  25  percent  of  the  boats 
listed  above  are  full-time  tuna  longliners. 

As  the  large  vessels  ordinarily  require  60  days  or  longer  per  voyage,   they  can  make 
about  4-1/2  to  5  cruises  per  year.     Hitherto  the  catch  has  generally  been  preserved  by  means  of 
ice,    but  recently  there  has  been  a  tendency  toward  a  gradual  increase  in  the  number  of  vessels 
equipped  with  refrigeration  machinery. 

Having  completed  the  loading  of  provisions,  drinking  water,  fuel,  fishing  gear,  bait, 
and  ice,  and  with  ail  preparations  connplete,  the  vessel  leaves  its  base  and  heads  for  the  fishing 
grounds.     As  soon  as  it  arrives  on  the  scheduled  grounds,   the  work  commences. 
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Table  5.  --Present  fleet  of  skipjack  and  tuna  boats 
(as  of  Sept.    20,    1949) 


Size 

<50  ton 

50-100  ton 

100-150  ton 

150-200  ton 

200  ton  < 

Numbe  r  of 
vessels 

Percentage 

377 
30.5 

572 
46.3 

135 
10.9 

148 
13.4 

4 
0.4 

Note:    From     Suiaan  Jiho,    April   1950. 

Setting  of  the  lines  ordinarily  begins  before  dawn.     The  lines  are  thrown  from  the 
deck  at  the  stern  while  the  vessel  is  underway.     The  joining  of  the  trunk  lines,  transportation 
and  attachment  of  bait,    the  attachment  of  floats  and  light  buoys,    etc.,    are  performed  rapidly  by 
a  skillful  division  of  labor.     When  the  setting  of  the  scheduled  number  of  baskets  of  line  has  been 
completed,    the  vessels  begin  patrolling  back  along  the  line.     The  floats  are  kept  under  observa- 
tion cuid  if  there  is  ajiy  catch  on  the  line  the  fish  are  brought  into  the  boat.     When  the  number  of 
units  of  gear  set  was  small,   the  vessels  patrolled  the  lines  several  times  and  ordinarily  began 
hauling  lines   around  sunset.     However,    at  present,    when  the  number  of  baskets  of  gear  set  at  one 
time  is  extremely  large,    the  time  needed  for  hauling  lines  is  long  and  there  is  no  opportunity  to 
patrol  the  lines  carefully. 

A  line-hauler  is  used  to  haul  the  lines.     In  some  cases  the  line-hauler  is  powered  by 
electricity,    but  in  other  cases  it  is  turned  by  a  belt  operated  directly  off  the  boat's  engine.     The 
machine  is  of  simple  construction  with  two  rollers  turning  in  opposite  directions.         In  order  to 
prevent  slippage  of  the  line,    the  rollers  are  covered  with  rubber. 

The  speed  at  which  the  line-hauler  is  run  and  the  speed  of  the  vessel  must  be  adjusted 
in  various  ways  depending  on  the  condition  of  the  line.      The  line-haulers  in  use  at  present  can 
ordinarily  handle  400  to  800  feet  per  minute.     Although  the  machine  does  wind  in  the  line,    it  is 
not  a  case  of  simply  hauling  the  line  into  the  boat  by  force.     When  there  are  fish  on  the  hooks, 
they  must  be  brought  into  the  boat,    and  if  the  line  is  tangled,    the  tangles  have  to  be  cleared  so 
that  the  gear  will  be  ready  for  use  the  following  morning.     Consequently  it  takes  over   10  hours  to 
get  the  line  in  and  it  not  rarely  happens  that  the  work  is  carried  over  to  the  following  day. 
This  work  is   also  carried  on  by  a  very  systennatic  division  of  labor. 

Working  in  this  fashion  fronn  before  dawn  to  midnight  with  almost  no  time  to  rest, 
living  in  a  small  boat  with  no  comforts  or  recreation,    and  repeating  the  same  operation  20  or  30 
times,    the  exertions  of  the  men  employed  in  this  fishery  are  by  no  means  commonplace. 

Squid,    saury,    nnackerel,    and  sardines  are  most  commonly  employed  as  bait. 
Trichiurus  has  also  been  used  with  good  results  and  herring  are  sonnetimes  used.      The  fact  that 
live  bait  is  not  necessary  as  it  is  in  the  pole  and  line  fishery  is   an  extremely  strong  point  of  this 
fishing  method.      This  fact  makes  it  possible  to  operate  over  long  periods  of  time  and  to  develop 
fishing  grounds  at  great  distances.     Bait  is  brought  from  the  base  in  ice  or  frozen.     At  times  even 
salted  bait  is  used.     In  former  times  when  the  nunnber  of  units  of  gear  fished  was  smaller,    some 
boats  eked  out  their  supply  of  bait  by  catching  squid  on  the  fishing  grounds  after  hauling  the  lines. 
Boats  based  in  Formosa  used  to  employ  as  bait  chiefly  milkfish  (Chanos  chanos),     which  were 
raised  in  ponds.     As  this  fish  is  cultured  widely  throughout  the  southern  areas,    it  offered  the 
possibility  of  large  scale  utilization  as  longline  bait  in  cases  where  we  were  able  to  have  bases  in 
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the  south  where  bait  fish  are  scarce.     Besides  the  milkfish,    the  ginkagami  (Mene  maculata)  was 
used,   particularly  where  spearfishes  were  the  objective  of  the  fishery. 

Considerable  attention  is  given  to  the  selection  of  bait  because  of  the  idea  that  the 
type  of  bait  will  cause  variation  in  the  species  mcuking  up  the  catch  and  in  the  success  of  the  fish- 
ing.    However,    in  actuality  the  effect  that  the  type  of  bait  has  on  fishing  success  is  not  well  under- 
stood and  it  cannot  be  thought  that  it  makes  such  a  very  great  difference.     For  example,  in  the  data 
from  investigations  of  yellowfin  grounds  in  southern  waters  it  is  difficult  to  perceive  any  note- 
worthy differences  in  the  catch  rate  whether  squid,    frozen  sardine,    frozen  herring,    or  salted 
sardines  were  used.     Furthermore,    when  we  examine  the  stomach  contents  of  tunas  and  spear- 
fishes,   we  find  that  they    are  quite  heterogeneous,    the  foods  which  are  most  abundant  in  the  area 
of  catch  or  those  which  are  thought  to  be  comparatively  easy  to  capture  being  predominant.     It  is 
considered  that  these  facts  indicate  that  these  fishes  have  a  low  degree  of  preference  or  selectivi- 
ty with  regard  to  their  food. 

The  suitability  of  a  bait,    though  of  course  it  varies  with  the  species,    is  determined  by 
whether  it  keeps  well  on  the  hook,    whether  it  is  of  a  handy  size,    and  whether  it  will  easily  catch 
the  eye  of  the  tuna.      The  matter  of  the  keeping  qualities  of  the  bait,    of  course,    means  the  state 
of  its  preservation.     As  far  as   ability  to  catch  the  eye  of  the  fish  is  concerned,    the  optimum  con- 
dition is  probably  a  bait  which  is  alive  and  moving  about. 

It  is  not  known  when  the  longline  fishery  began  nor  who  started  it.     It  is  said  however 
that  it  has  been  carried  on  since  quite  ancient  times.     The  author  has  not  yet  had  an  opportunity 
to  investigate  its  history  and  consequently  knows  none  of  the  details  about  it. 

The  fact  that  the  tunas  have  borne  a  deep  relationship  to  the  inhabitants  of  the 
Japanese  archipelago  since  very  ancient  times  is  clearly  shown  by  the  fact  that  tuna  bones  are 
often  discovered  in  shell  mounds. 

We  have  no  way  of  knowing  by  what  method  the  tunas  were  taken  in  those  times.     It' 
is  very  hard  to  believe,    however,    that  in  that  period  v/hen  dug-out  canoes  were  used  the  people 
were  carrying  on  a  very  large  scale  fishery.     It  is  imagined  that  the  fish  were  taken  by  simple 
hooks,    perhaps  by  some  sort  of  fixed  gear  along  the  coast,    or  by  harpooning.     As  far  as  the  hook 
and  line  fisheries  are  concerned  they  probably  developed  on  a  gradually  increasing  scale  from 
pole  and  line  or  hand  line  gear  to  trolling  and  drift  lines,    the  tuna  longline  finally  being  devised  as 
a  development  from  the  drift  line  or  the  bottom  longline. 

It  has  been  recorded  that  longlines  of  the  same  type  of  construction  as  those  in  use  at 
present  were  fished  in  the  Boso  area  well  over  200  years  ago  and  that  they  had  considerable  suc- 
cess even  at  that  time.      The  tradition  in  the  Izu  region  is  that  the  gear  was  originated  by  one 
Fujii  in  the  Kaei  Era  (1848-53).     In  any  case,    considering  the  size  of  the  fishing  boats  of  that  time, 
it  seems  certain  that  the  fishery  was  on  a  small  scale  and  that  the  fishing  grounds  were  limited  to 
coastal  waters. 

From  the  beginning  of  the  Meiji  period  (1868)  to  about  the  40th  year  of  the  Meiji  Era 
(1907),    when  engines  first  began  to  be  employed  in  fishing  boats,   the  course  of  development  of 
the  fishery  as  given  in  the  Awa  Suisan  Shi  was  generally  as  follows. 

The  tuna  longline  boats  used  in  the  Boso  region  before  the  Meiji  period  were  rarely 
of  greater  than  6-foot  beam.     In  the  early  years  of  Meiji  the  boats  increased  somewhat  in  size, 
but  even  so  the  maximum  was  about  6-foot  3  to  4  inches  beam.      The  standard  gear  in  use  before 
the  Meiji  period  had  a  trunk  line  of  300  fathoms  with  15  branch  lines  per  skate.      The  amount  of 
gear  employed  by  a  boat  at  one  time  appears  to  have  been  about  5  skates.      This  would  be  about 
75  hooks.     As  the  years  passed  the  si-ze  of  the  vessels   and  the  number  of  crew  members  gradu- 
ally increased. 
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Around  the   14th  and   15th  years  of  the  Meiji  Era  (1881-82)  shipbuilding  techniques 
progressed  greatly,   the  size  of  the  vessels  gradually  increased,    and  the    fishermen  began  to 
spend  2  to  3  days  at  sea  on  each  trip.     As  the  size  of  the  vessels  increased,   the  area  of  opera- 
tions also  gradually  extended. 

In  the  eeirly  years  of  the  Meiji  period  the  area  of  operations  did  not  exceed  the 
distance  of  25  miles  from  the  coast,   by  the   15th  year  it  had  been  extended  to  38  miles, by  the  20th 
year  to  50  miles  ajid  thereafter  until  around  the  40th  year  of  the  Meiji  era  (1907),    it  was  extended 
at  approximately  the  rate  of  1  ri  (2.5  miles)  per  year  until  the  fishing  boats  from  the  Boso  (Chiba 
Prefecture)  area  were  active  from  waters  off  Choshi  to  the  coastal  waters  of  the  Izu  archipelago. 

Thus  the  fishing  grounds  were  extended  from  year  to  year,    with  the  small  sail-  and 
oar-propelled  fishing  boats  of  that  time.     This  extension  of  the  fishing  grounds  was  accompanied 
by  an  increase  in  losses  of  vessels  and  a  great  increase  in  the  number  of  fishern-ien  lost.     For 
this  reason  in  the  Tonnisaki  area  this  gear  was  called  the  "widow  line".      This  strange  name  is 
aji  expression  of  the  extrennely  tragic  situation  in  which  a  large  number  of  young  men  were  lost 
in  this  fishery,    leaving  behind  numerous  widows.       (The  foregoing  is  abstracted  from  the  Awa 
Suisan  Shi. ) 

In  this  nnanner  the  fishery  has  advanced  step  by  step,   however,   the  tempo  of  that 
advance  was  by  no  means  fast  and  in  the  process   a  great  many  lives  were  lost.     In  the  latter 
years  of  the  Meiji  Era  internal  combustion  engines  came  to  be  used  as  propulsive  power  in  fish- 
ing boats,    and  this  brought  about  a  great  change  which  might  be  called  the  industrial  revolution 
in  this  fishery. 

It  is  said  that  the  first  man  to  consider  and  try  the  use  of  a  fishing  vessel  powered  by 
an  internal  combustion  engine  was  Mr.    Bunshichi  Maruo  of  Shizuoka  Prefecture,     He  was  not  a 
fisherman  but  rather  was  engaged  in  ocean  freight  carrying,    but  in  the  course  of  his  voyages  he 
had  often  encountered  large  schools  of  skipjack  and  conceived  the  idea  of  attempting  to  operate 
a  skipjack  fishing  vessel  powered  by  an  engine.     Mr.    Maruo  installed  a  S-horsepower  engine  in 
a  20-ton  Western-style  sailing  vessel  and  began  fishing  for  skipjack  out  of  the  port  of  Shimizu. 
That  was  in  Meiji  36  (1903), 

Mr.    Maruo's  experiment  unfortunately  ended  unsuccessfully,    but  it  provided  the 
motive  for  the  construction  of  a  powered  vessel,   the  Fuji  Maru,   in  1906  as  the  Shizuoka  Prefec- 
ture experimental  fishing  vessel. 

When  the  Fuji  Maru  began  its  work  it  was  the  focus  of  attention  in  skipjack  fishing 
circles,    and  as  the  results  of  its  operations  were   extremely  successful,    it  provided  a  strong 
stimulus  to  the  industry.     In  view  of  the  success  of  this  vessel,   the  Shizuoka  Prefectural  author- 
ities adopted  an  extremely  appropriate  ajid  positive  subsidization  policy  with  the  result  that  in 
1909,   only  3  years  after  the  construction  of  the  Fuji  Maru,   there  were  actually  150  powered 
vessels  in  the  Prefecture, 

Next  the  Isuzu  Maru  was  constructed  as  an  experimental  vessel  by  Mie  Prefecture. 
This  vessel,    too,    enjoyed  good  success  and  the  industriad  revolution  in  this  fishery  spread 
throughout  the  country  with  the  rapidity  of  a  prairie  fire. 

At  that  time  fishing  boats  were  generally  of  about  20  tons  and  20  horsepower,  but 
thereafter  they  gradually  increased  in  size  until  steel  vessels  of  200  tons  and  400  horsepower 
were  built  for  skipjack  and  tuna  fishing. 

At  the  time  when  power  boats  first  came  into  use  the  fishing  grounds  were  limited  to 
coastal  waters,    but  with  the  increase  in  size  of  the  vessels,    the  navigational  techniques  of  the 
fishermen  were  greatly  improved,    and  the  radius  of  operations  extended  from  year  to  year.     In 
the  late  years  of  the  Taisho  Era  (1912-25)  boats  were  fishing  from  the  waters  off  northeastern 
Honshu  to  the  Ogasawara  and  Okinawa  islands,    and  in  the  early  years  of  the  Showa  Era  (1926-     ) 
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the  so-called  Nojimasaki  fishing  grounds  for  albacore  in  the  central  Pacific  were  developed.     At 
about  the  same  period  fishing  vessels  from  prefectures  in  western  Japan  such  as  Kagoshima, 
Kochi,    Wakayama,    and  Mie,    led  by  their  prefectural  research  and  exploratory  fishing  vessels, 
began  to  fish  in  the  distant  South  China  Sea,    Sulu  Sea,    and  Celebes  Sea.     After   19  36  it  gradually 
became  clear  that  the  waters  of  the  former  Japanese  mandated  South  Sea  islands  were  excellent 
yellowfin  fishing  grounds  and  large  boats  based  at  the  port  of  Misaki  in  Kanagawa  Prefecture 
began  to  compete  with  each  other  in  fishing  that  region.     This  condition  continued  up  to  the  be- 
ginning of  the  war,    with  the  Misaki  fleet  fishing  tuna  grounds  within  an  operating  radius  of  about 
2,  000  miles. 

There  was  also  a  large  number  of  fishing  boats  based  in  Formosa  and  in  the  South  Sea 
islands.  Those  based  in  Formosa  numbered  700  vessels,    with  a  total  tonnage  of  6,  000  tons,    and 
they  fished  grounds  in  the  waters  east  of  Fornnosa,    in  the  South  China  Sea,    the  Sulu  Sea,   the 
Celebes  Sea,    and  the  East  Philippine  Sea,   their  operating  radius  extending  about   1,000  miles  from 
the  port  of  Takao. 

The  above  figures  give  the  operating  radius  for  single  vessel  operations,   but  in 
mothership-type  tuna  fishing  carried  on  experimentally  from  Takao  before  the  war  the  range  was 
further  extended  to  take  in  the  Banda,    Flores,    and  Timor  seas,    and  the  Indian  Ocean  coast  of 
the  Greater  and  Lesser  Sunda  archipelagos. 

The  foregoing  are  the  ranges  within  which  commercial  vessels  actually   fished,    but 
many  resecirch  vessels  and  the  training  ships  of  the  Fisheries  Institute  surveyed  in  addition  to 
the  areas  mentioned  above  the  coastal  waters  of  New  Guinea  axid  the  Solomons  to  the  south,    the 
coastal  waters  of  Sumatra,   the  Andaman,    and  Nicobar  islands  to  the  west,    and  even  went  as  far  as 
the  Maldive  Archipelago  in  the  middle  of  the  Indian  Ocean.     Thus  the  waters  in  which  Japanese 
actually  set  their  tuna  longlines  in  one  way  or  another  cover  an  extremely  broad  area  from  70     E. 
longitude  to  165°  W.   longitude  and  from  15     S.   latitude  to  45     N.   latitude.     If  to  this  we  add  the 
waters  fished  by  Japanese  emigrants  in  Hawaii  and  California,    it  is  probably  no  exaggeration  to 
say  that  all  of  the  warm  seas  from  the  central  Indian  Ocean  east  across  the  whole  Pacific  have 
been  developed  by  Japanese  or  by  Americeins  of  Japanese  origin.     There  is  probably  room  for 
reconsideration  and  reason  for  criticism  concerning  the  question  of  whether  or  not  the  nneasures, 
methods,    and  spirit  with  which  this  development  was  undertaken  were  all  that  they  might  have 
been,   but  leaving  aside  that  problenn,   development  of  these  fishing  grounds  can  be  expected  to 
make  no  small  contribution  to  the  prosperity  of  the  human  race  in  the  future.     From  this  point  of 
view  it  is  truly  a  great  accomplishment  which  deserves  to  be  writ  large  on  the  pages  of  the 
world's  fisheries  history. 

As  was  stated  earlier,   the  tuna  longline  fishery  made  a  great  revolutionary  step 
forward  through  the  application  of  internal  combustion  engines  to  fishing  boats.     The  adoption  of 
the  line-hauler,   too,    was  another  extremely  significant  force  for  the  development  of  this  fishery. 

It  is  recorded  that  the  line-hauler  was  imported  from  England  and  first  came  into 
use  in  1911.     The  length  of  the  main  line  of  one  skate  of  gear  is  about  300  meters.     As  from 
several  score  to  300  to  350  skates  may  be  used  at  one  time,    it  would  be  absolutely  impossible  to 
raise  the  gear  in  a  short  time  by  the  use  of  manpower.     The  adoption  of  the  line-hauler  can  be 
said  to  have  supplied  the  solution  to  this  problem  of  time  and  labor.     In  other  words  the  utili- 
zation of  the  internal  combustion  engine  increased  the  operating  radius  of  the  fishing  boat  and  the 
adoption  of  the  line-hauler  renaarkably  innproved  the  efficiency  of  the  work. 

Thus  the  utilization  of  machine  power  was  a  force  which  operated  for  the  rapid 
development  of  this  fishery,    jind  the  progress  of  that  development  in  terms  of  catch  is  shown  by 
the  following  table. 
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Table  6.  --Landings  in  Japan  (fronn  Ministry  of 
Agriculture  and  Forestry  statistics 
for  the  tuna  longline  fishery) 


Catch 

Year 

(pounds) 

Index 

1925 

28,578,622 

52 

1929 

49, 092, 209 

81 

1930 

54,874,940 

100 

1934 

54,062,098 

99 

1935 

47, 903. 702 

87 

1936 

67,  316,  014 

123 

1937 

61,071, 345 

1  11 

1938 

69,543,  315 

127 

1939 

94,637,530 

172 

1940 

77,750,694 

142 

1941 

51,524,606 

94 

Note:     1.      The  index  number  takes   1930  as    100. 

2.  The  reasons  for  the  decline  in  1934  and  1935 

are  unknown. 

3.  The  sharp  drop  in  the  catch  in  1941   is  assumed 

to  be  due  to  a  decrease  in  the  number  of 
vessels  fishing  because  of  the  war. 

The  above  figures  represent  only  the  catch  of  tunas,    but  in  addition  there  were 
3,  000,  000  to  4,  000,  000  pounds  of  spearfishes   and  an  unknown  but  large  amount  of  sharks.     As 
for  the  situation  outside  of  Japan  proper,    in  Formosa  the  Government-General  began  investiga- 
tions in  1913  and  continued  collecting  statistics  regularly  thereafter.      The  catch  for  that  region 
is  shown  in  the  following  table. 

Table  7. --Tuna  longline  catch  in  Formosa 

(Formosan  Fishery  Statistics,    1936) 


Tunas 

Spearfishes 

Total 

Year 

(pounds) 

(pounds) 

(pounds) 

1932 

6,669,  136 

7, 156, 967 

13,  826,  104 

1933 

6,708,  371 

7,078,450 

13, 786.821 

1934 

7,069,623 

9,817, 720 

16.887. 346 

1935 

6,699.488 

9,  327,267 

16.422. 755 

1936 

1  1,  120.  212 

8,694,086 

19,  814, 298 

Note:     (1)  Converted  from  kin  to  pounds  at  the  rate  of  1 
kin  =  1,  32  pounds. 
(2)  Figures  in  this  table  are  not  actual  values  but 
deduced  values,    however,    their  accuracy  is 
rather  high. 
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As  I  do  not  have  at  hand  statistics  for  the  years  from  1937  on  I  cannot  show  the 
situation  in  recent  years,    however,    the  catch  in   1940  appears  to  have  been  around  37,  215,  000 
pounds.     As  will  be  described  later,    the  catch  at  Formosan  bases  had  a  very  high  proportion 
of  spearfishes,  in  many  cases  over  half.     In  addition  the  catch  of  sharks  by  longlines  was  around 
4,  000, 000  to  4,  500,  000  pounds. 

With  the  beginning  of  investigations  by  the  former  South  Seas  Government-General, 
the  waters  of  the  so-called  Inner  South  Seas  area  were  gradually  revealed  as  superior  fishing 
grounds.     From  around  1936  on  this  area  was  fished  by  large  boats  based  at  the  port  of  Misaki 
in  Kanagawa  Prefecture  in  addition  to  the  boats  based  within  the  South  Seas.      The  following 
table  shows  the  operations  and  catch  of  Misaki-based  boats. 

Table  8.  --Number  of  vessels  operating 
in  waters  of  the  South  Seas 
Government -General  and  their 

catch  (Ministry  of  Agriculture 

and  Forestry  statistics) 


Boats 

Catch 

Catch  per  Boat 

Year 

(cruises) 

(pounds) 

(pounds) 

1936 

84 

4, 335, 688 

51,613 

1937 

128 

8,496, 515 

66, 375 

1938 

191 

7,991,483 

41,846 

1939 

84 

5,699.403 

67.847 

Note:     (1)     The  above  figures  are  the  total  for 
tunas  and  spearfishes  but  do  not 
include  sharks. 
(2)    About  75  percent  of  the  catch  was 
yellowfin. 

With  this  extension  of  the  fishing  grounds  the  actual  number  of  fishing  days  grad- 
ually decreased  in  relation  to  the  number  of  days  required  for  a  cruise.     In  other  words,    the 
number  of  days  required  to  go  to  and  from  the  fishing  grounds  increased  until  it  was  equal  to 
or  greater  than  the  number  of  days  during  which  fishing  was  actually  carried  on.     In  single 
vessel  operations  this  sort  of  situation  arises  naturally,    and  in  such  a  situation  the  overhead 
expenses  naturally  rise.     Furthermore,    as  the  China  Incident  gradually  became  more  serious 
the  supply  of  materials  required  for  the  fishery  became  very  uncertain  due  to  preparations  for 
the  Pacific  war.     In  particular  the  strengthening  of  controls  on  fuel  and  strong  demands  for  its 
conservation  made  it  very  difficult  for  vessels  to  operate  singly  in  the  southern  region.     The 
so-called  mothership-type  tuna  fishery  was  conceived  as  a  device  to  overcome  these  difficulties. 
Within  Japan  proper  its  chief  proponent  was  the  Kaiyo  Gyogyo  Kyokai,   which  began  a  campaign 
to  interest  all  parties  concerned. 

The  plan  proposed  by  the  Kaiyo  Gyogyo  Kyokai,    as  can  be  seen  from  the  following 
summary,    combined  the  mothership-type  operation  with  advance  base  facilities  and  therefore 
can  hardly  be  called  a  pure  mothership-type  ofieration.     However,    the  plan  is  presented  here 
for  the  reader's  reference  because  in  these  postwar  days  the  necessity  of   mothership-type 
tuna  fishing  is  again  being  strongly  urged.     Under  the  completely  changed  conditions  of  the 
present  day  it  need  hardly  be  said  that  the  part  of  the  plcin  relating  to  base  facilities  is  out  of 
the  question. 
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Plan  for  the  development  of  the  tuna  fishery  in  the  South  Sea  islands  (From  Kaiyo 
GyogyS,    Volume  5,    1940): 

The  tunas  are  distributed  over  an  extremely  wide  range  in  the  South;  the  stability 
of  their  fishing  grounds  has  been  in  general  established  by  various  investigations  undertaken  in 
the  past.     However,    because  of  the  distance  of  these  grounds  from  Japan  and  the  fact  that  they 
lie  within  the  tropics,    the  only  exploitation  of  the  area  has  been  the  fishing  done  in  the  South 
China  Sea,    the  Sulu  Sea,    and  the  Celebes  Sea  by  boats  based  in  Formosa.      Boats  from  Japan  have 
generally  operated  in  the  Pacific   Ocean  grounds  in  the  vicinity  of    180     longitude. 

With  the  recent  strengthening  of  the  controls  on  fuel  oil  and  other  materials  essential 
to  the  fishery,   the  vessels  operating  in  the  North  Pacific  have  nnade  a  90     turn  auid  have  sought 
fishing  grounds  in  the  southern  Caroline  Islemds.     Good  results  were  obtained  and  an  increasing 
number  of  vessels  have  continued  to  fish  in  this  area.     In   1938  a  total  of  39  large  vessels  nnade 
145  cruises  to  take  a  catch  valued  at   1,  560,  831  yen.    At  the  same  tinne  the  researches  of  the 
South  Seas  Governnnent-Oeneral  Fisheries  Experiment  Station  and  surveys  carried  on  by  the 
Nanko  Fisheries  Company  have  shown  the  value  of  these  grounds  and  the  South  Sea   island 
grounds  have  quite  suddenly  become  the  center  of  the  tuna  fishery. 

However,    the  present  type  of  single  vessel  operation  from  Japan  still  has  sonne  dis- 
advantages.    As  we  fortunately  have  suitable  advance  bases  in  the  area,    it  should  be  profitable 
to  call  together  the  large  fishing  vessels  now  operating  singly,   form  them  into  an  organized 
fleet,    and  assign  to  that  fleet  refrigerated  cargo  vessels  which  would  carry  the  catch  to  Japan. 
(The  rest  of  the  plan  is  onnitted.  ) 

It  was  planned  to  use  as  motherships  diesel-powered  vessels  of  500  tons,    each 
mothership  to  transport  the  catch  amd  supply  necessary  materials  for  six  fishing  vessels.     It 
is  imagined  that  the  connparison  between  the  inconne  and  expenditure  of  this  type  of  operation 
and  single  vessel  operation  would  be  as  shown  in  the  following  table. 

Table  9. --Comparative  income  and  expend- 
itures of  single  vessel  and 
mothership-type  operations 
(plan  of  the  Kaiyo  Gyogyo  Kyokai) 


Item 

Single   vessel 
(yen) 

Fleet 
(yen) 

Difference 
(yen) 

Income 

Expenditures 

Profit 

3,600,  000 

2,  639,880 

96, 120 

5,400,000 
3,860,760 
1,539,240 

1,800,000 

1,  220,880 

579, 120 

Note:     (1)    Catch  per  fishing  boat  per  trip  82,  700 
pounds. 

(2)  Calculated  at  the  price  of  1  yen   per  kan 

(8.  27  pounds). 

(3)  The  foregoing  table  is  for  6  fleets,    a  total 

of  36  fishing  boats. 

(4)  From  Kaiyo  Gyogyo,    Volume  5,    1940. 

As  was  made  clear  above  this  plan  is  not  for  a  pure  mothership-type  fishery,    as  it 
envisages  the  establishment  of  an  advance  base,    and  the  reduction  of  the  overhead  expenses  of 
single  vessel  operations  by  having  the  so-called  mothership  transport  the  catch  and  the  opera- 
ting materials  for  a  number  of  fishing  boats.     In  actuality  this  scheme  never  got  beyond  the 
planning  stage  and  was  never  put  into  operation. 
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MotherBhip-type  tuna  fishing  was  tested  by  the  late  Technician  Mokuichi  Shimoda  in 
1932  and  1933.     Earlier,   beginning  in  1930,    the  Fisheries  Institute  training  vessel  Hakuyo  Maru 
had  practiced  tuna  longline  fishing  in  various  regions  of  the  South.     As  the  exercises  of  the 
HakuyC  Maru  could  be  considered  a  sort  of  mothership-type  operation,   the  mothership  experi- 
ments of  Technician  Shimoda  were  probably  inspired  by  the  Hakuyo  Maru's  results. 

Technician  Shimoda's  mothership-type  tuna  fishing  was  a  system  in  which  the   1,  537- 
ton  Haruna  Maru  was  employed  as  a  mothership  with  two  9.6-meter,    45-horsepower  boats  and 
six  7.8-meter,    b-horsepower  boats  as  catchers.     The  catcher  boats  were  carried  aboard  the 
mothership,    lowered  each  time  they  fished,    and  brought  back  aboard  when  the  fishing  was 
finished.     As  the  mothership  had  refrigeration  equipment  and  canning  machinery  and  the  catch 
wais  processed  aboard  the  ship,    it  might  be  nnore  appropriately  called  a  connbination  floating 
cannery  and  mothership  rather  than  a  pure  mothership-type  vessel. 

With  this  system  the  Haruna  Maru  operated  experimentally  off  the  Indian  Ocean  coast 
of  Sumatra,    around  the  Nicobar  Islands,    and  in  the  vicinity  of  Timor.     On  the  basis  of  its  re- 
sults it  was  concluded  that  mothership-type  tuna  fishing  offered  good  possibilities. 

However,    to  cite  the  weak  points  of  the  Haruna  Maru's  system, 

1.     A  little  rough  weather  makes  it  difficult  to  lower  and  bring  aboard  the  fishing 


boats. 


2.     As  the  fishing  boats  are  small,    their  activity  is  greatly  limited  by  the  weather. 


3.  Even  in  calm  weather  the  fishing  boats  must  always  operate  within  sight  of  the 
mothership  because  they  are  unable  to  navigate  on  their  own  account. 

4.  No  scouting  vessels  were  employed  as  they  are  in  the  case  of  a  whaling  mother- 
ship. 

Even  in  the  so-called  doldrums  of  low  latitude  seas  the  northern  and  southern  mon- 
soons sometimes  blow  with  considerable  force.     Furthermore,    sudden  winds  accompanied  by 
fierce  squalls  often  spring  up  maicing  the  use  of  portable  catcher  boats  dajigerous  ajid  interfering 
greatly  with  their  operation. 

While  the  practicability  of  mothership-type  tuna  fishing  was  being  argued  in  Japan, 
an  early  start  was  made  in  Formosa.     At  the  end  of  1940  the  Tobu  Suisan  Company,    a  subsi- 
diary of  the  Nippon  Suisan  Company,    with  the  assistance  of  the  Formosa  Government-General, 
planned  such  an  operation  and  began  to  put  the  plan  into  execution  at  the  beginning  of  1941. 

The  Tobu  Suisan  Company  employed  as  motherships  the  Oi  Maru  2ind  the  Kitakami 
Maru,   both  of  500  tons,   based  at  Takao.     Six  catcher  boats  were  assigned  to  them.     As  these 
were  fishing  vessels  of  the  60  to  80-ton  class,    they  were  of  course  capable  of  navigating  for 
themselves.     One  of  the  two  motherships  was  on  the  fishing  grounds  at  all  times,    directing  the 
fishing  fleet  and  freezing  the  catch  aboard  in  the  form  of  fillets.     A  mothership  would  remain 
with  the  catchers  on  the  fishing  grounds  for  about  one  month,    during  which  t^me  the  other 
mothership  was  carrying  the  catch  to  the  base,    and  loading  provisions,   fuel,    bait,    and  other 
necessary  materials  to  be  carried  to  the  fishing  grounds.     On  arriving  on  the  fishing  grounds, 
this  ship  would  take  over  direction  of  the  fleet  and  the  other  mothership  would  head  for  the  base. 

When  it  was  attempted  to  put  this  system  into  actual  practice,    it  became  painfully 
obvious  that  the  catcher  boats  were  too  small.     If  they  were  unable  to  utilize  the  lee  of  an  island, 
the  transfer  of  catch  and  supplies   at  sea  presented  various  difficulties  and  obstacles.      The 
welfare  of  the  catcher  boat  crews  operating  at  sea  over  long  periods  also  was  probably  a  major 
problem. 
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Several  operations  were  carried  on  by  this  method,   the  fishing  being  done  in  the 
East  Philippine  Sea,    the  Celebes  Sea,    the  Banda  Sea,    the  Flores  Sea,    and  the  Indian  Ocean  area. 
The  results  were  disappointing  at  first  because  of  unfamiliarity  with  the  fishing  grounds  but  they 
gradually  improved.     However,    as  this  enterprise  was  subsidized  by  the  government  and  was 
subject  to  the  influence  of  the  controlled  economy  of  China  Incident  days,    it  differed  considerably 
in  character  from  an  enterprise  in  a  free  economy,    ajid  though  the  results  may  be  of  value  for 
reference  they  cannot  be  applied  in  their  entirety  to  present  conditions. 

At  about  the  same  time  the  Hayashikane  Shoten   Company  planned  the  same  sort  of  an 
enterprise  using  a  Formosan  base,   but  this  plan  was  not  put  into  effect  and  the  T5bu  Suisan 
Company  also  ceased  its  operations  just  before  the  outbreak  of  the  Pacific  War. 

The  tuna  longline  fishery,    like  other  high  seas  fisheries,    was  forced  to  cease  func- 
tioning during  the  latter  half  of  the  war.     During  that  period  more  than  half  of  the  fishing  boats 
were  lost.     At  the  end  of  the  war  the  rebuilding  of  the  fishery  was  viewed  pessimistically,   but 
recovery  has  proceeded  at  a  surprisingly  fast  rate  and  today,   4  years  after  the  end  of  the  war, 
the  number  of  vessels  engaged  in  the  fishery  is  nearly  as  high  as  it  was  before  the  war.     As 
reasons  for  this  rapid  recovery  we  may  cite  the  fact  that  the  skipjack  and  tuna  fisheries  require 
less  nnaterial  than  other  fisheries   and  therefore  were  easy  to  enter  in  the  postwar  period  of 
scarcities,   the  fact.that  postwar  Japanese  financial  circles  took  a  great  interest  in  fisheries, 
and  the  fact  that  much  of  the  area  open  to  fishing  by  SCAP  was  skipjack  and  tuna  grounds  while 
there  was  little  room  for  the  expansion  of  other  fisheries. 

We  cannot,    however,   be  satisfied  with  the  superficial  type  of  recovery  indicated  by 
an  increase  in  the  number  of  fishing  vessels.     Whatever  future  developments  nnay  bring,    we 
must  face  directly  as  a  present  problem  the  extremely  difficult  business  conditions  in  this 
fishery.     In  the  turbid  whirlpool  which  defeat  in  the  war  made  of  the  Japamese  fishing  industry  it 
is  impossible  that  this  fishery  alone  should  attain  prosperity  while  almost  all  other  industries 
are  in  difficulties.     It  may  also  be  thought  that  this  fishery  is  involved  in  the  general  depression 
in  the  fishing  industry  brought  about  by  abnormal  oceanogr aphic  conditions  of  recent  years. 
Another  factor  inhibiting  the  prosperity  of  this  fishery  can  be  thought  to  be  its  lack  of  planability 
resulting  from  its  primitive  character.     However,    as  the  most  fundamental  factor  we  must 
probably  take  up  the  problem  of  fishing  grounds.     It  seems  necessary  to  examine  thoroughly  the 
character  as  fishing  grounds  of  the  areas  which  have  been  opened  to  us.     It  is  no  exaggeration  to 
say  that  of  the  areas  in  which  the  Japanese  have  been  permitted  to  fish,   the  only  ones  which 
have  much  value  as  tuna  grounds  are  the  albacore  grounds  of  the  north  central  Pacific  during 
the  season  from  November  to  March  and  the  subtropical  spearfish  grounds,    where  the  season  is 
May  and  June. 

Concerning  such  questions  as  when  the  day  will  come  when  Japan  can  play  an  inde- 
pendent role  on  the  international  scene  and  what  waters  may  be  opened  to  Japan  at  that  time  I 
have  no  answer  at  all.     I  only  know  that  the  tuna  fishery  cannot  continue  as  it  is  at  present.     It 
is  said  that  a  peace  treaty  is  to  be  given  to  us,    and  that  we  cannot  now  ask  for  anything.     How- 
ever,  if  it  may  be  permitted  to  hope,   I  should  wish  that  all  restrictions  which  might  be  the  cause 
of  useless  dispute  might  be  withdrawn  from  the  tuna  fisheries,    whose  grounds  are  entirely  on  the 
high  seas.      I  do  not,    however,    hope  for  an  unconditional  withdrawal.     A  fair  agreennent  for  the 
maintenance  of  the  resource  should  be  made  among  the  countries  surrounding  the  Pacific  and 
Indian  oceans  and  suitable  control  should  be  carried  on  under  that  agreement.     What  we  should  do 
here  in  Japan  is  to  strive  to  become  an  influential  member  of  the   international  fisheries  organi- 
zation,  the  founding  of  which  can  be  foreseen  to  come  about  naturally  in  the  future,    by  attempting 
the  improvement  of  the  personnel  employed  in  the  tuna  fishery,    by  thoroughly  respecting  any 
international  agreement,    and  by  having  persons  in  the  industry  and  fisheries  researchers  unite 
in  a  basic  study  of  the  resource. 
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C.     Harpoon  Fishery 

The   spearfishes   are  the  principal  objective  of  this  fishery.      However,    besides   the 
spearfishes,    tunas,    sharks,    rays,    porpoises,    sunfish,  turtles,    and  indeed  anything  of  use  or  value 
which  appears  on  the  surface  of  the  sea  may  be  harpooned  in  this  extremely  primitive  but  heroic 
fishery. 

It  is  of  great  interest  that  a  fishery  exactly  like  this  one  is  carried  on  in  the  Medi- 
terranean Sea  around  the  island  of  Sicily.     The  harpoon  fishery  of  the  Mediterranean  Sea  is  very 
old,    its  origin  being  said  to  go  back  several  centuries  before  the  Christian  era.     In  this  region 
the  objective  of  the  fishery  is  principally  the  broadbill  swordfish.     On  the  fishing  boats,    a 
crowsnest  is  rigged  at  the  top  of  a  tall  mast  from  which  a  look-out  surveys  the  surrounding 
waters.     When  a  broadbill  is  seen  swimming  on  the  surface,    the  boat  is  headed  toward  it  and  the 
harpoon  is  thrown  as  the  fish  comes  within  range.     It  appears  that  natives  of  southern  regions 
catch  fish  with  bows  and  arrows,    but  I  know  of  no  details  concerning  this  fishing  method. 

There  are  no  complete  records  of  the  history  of  the  harpoon  fishery  in  Japan  so  its 
details  are  not  clear,    but  in  view  of  the  character  of  this  fishery  it  is  not  difficult  to  imagine  that 
it  must  have  a  long  history. 

The  gear  consists  of  a  harpoon  head,    shaft,    harpoon  line,    and  leader  or  sekiyama. 
As  the  figure  shows   (Translator's  note:     figure  7  is  omitted.),    a  steel  shaft  is  fitted  to  the  tip  of 
an  oak  pole  of  12-15  (usually  15)  feet.     Sometimes  there  is  a  single  iron  rod  but  ordinarily  there 
are  3  prongs.     On  the  tip  of  each  of  theprongsa  harpoon  head  is  fitted. 

The  harpoon  head  is  of  steel  and  is  about  4  inches  long.     A  sharp  triangular  blade  is 
fixed  to  its  tip.     A  rod  is  attached  at  the  center  of  the  wing-like  part  of  the  blade  which  slopes 
back  from  the  point,    and  the  posterior  part  of  this  rod  is  hollowed  out  and  expanded  so  that  the 
end  of  the  shaft  will  fit  into  it.      The  back  edge  of  the  socket  is  bent  out  into  an  oblique  projection. 
A  leader  of  high  quality  hemp  is  attached  to  the  neck  of  the  harpoon  head  and  is  connected  to  the 
harpoon  line  with  sekiyama. 

The  boats  used  in  this  fishery  have  a  simple  observation  platform  above  the  bridge, 
and  here  a  lookout  stands  and  keeps  constant  watch  on  the  surrounding  water.     Boats  which  engage 
in  this  fishery  only  part-time  do  not  usually  have  such  a  lookout  platform.     At  the  bow  there  is 
a  platform  called  the  pulpit,    amd  it  is  here  that  the  harpooner  stands.     On  boats  which  specialize 
in  this  type  of  fishing,    the  pulpit  is  large  cind  can  accommodate  2  harpooners  at  a  time. 

Spearfishes  have  the  habit  of  swimming  with  the  upper  lobe  of  the  caudal  fin  pro- 
truding from  the  surface  of  the  water.     Sometimes  a  portion  of  the  dorsal  fin  also  protrudes  from 
the  water.     Fish  swimnming  in  this  manner  can  be  seen  at  all  times,   but  it  is  said  that  they  are 
particularly  numerous  in  cases  where  the  wind  and  the  current  are  running  in  opposite  directions 
causing  waves  on  the  surface.     It  appears  that  this  phenomenon  is  also  often  seen  during  spawning 
when  the  fish  are  chasing  each  other. 

In  Japanese  coastal  waters  the  fishing  season  is  from  April  to  September.     The  Hyuga 
Nada,    and  the  waters  off  Kishu,  Izu,    and  the  Boso  Peninsula  are  famous  fishing  grounds.     The 
coastal  waters  of  eastern  and  northeastern  Formosa  are  also  fannous  as  a  fishing  ground  for  this 
fishery  with   14-15,000  spearfishes  of  various  species  being  taken.     The  fishing  season  is  from 
October  to    April,    during  the  northeast  monsoon.     White  marlin  are  most  numerous,    making  up 
40-50  percent  of  the  total  catch. 

When  the  lookout  sights  a  spearfish,    the  boats  give  chase  at  full  speed.     Arriving 
within  range,   the  harpooner  in  the  pulpit  throws  the  harpoon.     If  a  hit  is  scored,    the  harpoon 
head  comes  off  the  shaft  and  remains  in  the  body  of  the  spearfish,    which  is  then  hauled  in  by 
hand  by  mesins  of  the  harpoon  line. 
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II.     Characteristics  of  the  Tuna  Longline  Fishery 

It  is  probably  no  great  mistake  to  consider  that  the  character  of  a  fishery  is  deter- 
mined by  the  character  of  the  resource  which  is  its  object,    and  that  the  character  of  the  re- 
source is  detern-iined  by  the  species  which  compose  it  and  their  environmental  conditions.     Con- 
sequently,   if  it  is  possible  to  reveal  and  grasp  the  biological  characteristics  of  the  species  which 
is  the  object  of  the  fishery  and  the  environmental  factors  which  control  the  occurrence,    proga- 
gation,    and  migration  of  that  species,    the  character  of  the  fishery  can  thereby  be  analyzed. 

As  was  stated  earlier,    there  are  a  number  of  different  fisheries  which  have  the  tunas 
as  their  objective,  but  among  thenn  the  longline  fishery  is  the  most  important  both  in  terms  of  the 
scale  on  which  it  is  prosecuted  and  in  terms  of  the  catch.     I  shall,    therefore,    take  up  the  longline 
fishery  as  a  representative  of  the  tuna  fisheries  and  shall  give  some  consideration  to  its  charac- 
ter.    The  number  of  species  of  tunas,    spearfishes,    and  sharks  which  are  the  principal  catch  of 
the  tuna  longline  fishery  is,    as  will  be  detailed  later,   rather  great.     The  majority  of  them  2ire, 
from  the  biological  point  of  view,    distributed  throughout  the  open  sea  from  the  Equator  to  the 
vicinity  of  35     -  40     N.    latitude.      The  distribution  in  the  Southern  Hemisphere  is  not    yet  well 
known,   but  it  appears  that  the  species  are  distributed  to  latitudes  about  as  high  as  those  at  which 
they  occur  in  the  Northern  Hemisphere.     The  species  have  this  extremely  extensive  range  of 
occurrence,   however,   the  density  of  their  occurrence  is  not  the  same  everywhere  within  this 
range,   being  subject  to  great  fluctuations  seasonally  and  presenting  differences  in  the  location 
of  the  center  of  distribution  of  the  various   species.    In  other  words,    in  different  regions  of  the 
sea  the  composition  of  the  catch  is  different,    and  seasonal  changes  give  rise  to  other  variations. 

Put  in  very  broad  terms,    the  differences  in  the  density  of  occurrence  of  the  majority 
of  the  species  making  up  the  resource  of  the  tuna  fishery  appear  to  be  mainly  related  to  latitude. 
This  probably  indicates  that  among  the  environmental  factors  which  control  the  distribution  of 
these  fishes,    temperature  is  a  great  limiting  condition.      The  foregoing,    of  course,    only  states 
a  general  tendency  and  there  are  cases  in  which  some  species  show  a  marked  trend  toward 
variations  in  an  east-west  direction.     In  other  cases  it  is  thought  that  the  density  of  distribution 
is  affected  by  topographical  conditions.     In  still  other  cases,    changes  in  the  density  of  distribu- 
tion from  one  region  to  another  appear  to  accompany  growth.     However,    an  extremely  broad 
range  of  occurrence,    a  high  degree  of  nnobility  of  the  fish,    and  nnigrations  extending  over  broad 
areas  of  the  sea  are  common  characteristics  of  these  species  which  make  up  the  resource  of  the 
tuna  fishery,    giving  them  a  very  different  character  from  the  resources  of  the  coastal  fisheries 
or  the  bottom  fisheries. 

The  information  which  we  have  been  able  to  gather  concerning  the  spawning  and 
growth  of  these  fishes  is  as  yet  extremely  poor.     Among  the  fishes  taken  by  the  tuna  fishery, 
the  sharks  are  viviparous  and  therefore  are  already  possessed  of  fairly  strong  powers  of  sur- 
vival at  the  time  they  leave  their  mothers'  body.     The  tunas  and  spearfishes  are  oviparous  and 
for  sometime  after  hatching  they  have  extremely  poor  powers  of  resistance.     In  the  case  of  the 
sharks,   if  we  know  the  number  of  times  they  produce  young  in  one  year  and  the  number  of  young 
produced  at  one  time,   it  is  possible  to  clarify  the  question  of  their  reproductive  potential  com- 
paratively easily.     In  the  case  of  the  oviparous  tunas  and  spearfishes,    however,    even  though  we 
nnay  be  able  to  calculate  the  number  of  eggs  contained  in  a  matured  ovary,    we  cannot  easily  as- 
certain the  proportion  of  those  eggs  that  are  fertilized  and  hatched.     Furthermore,    judging  from 
the  fact  that  the  larval  and  juvenile  fish  aire  extrennely  weak,    it  is  not  difficult  to  innagine  that 
attrition  during  the  early  stages  of  their  life  is  at  a  rather  high  rate.     In  actuality  it  is  by  no 
means  rare  to  find  tunas  eind  spearfishes  of  10  to  40  cnn.    in  length  ajnong  the  stomach  contents 
of  adult  fishes  of  the  same  species.     From  our  present  knowledge  of  several  species,    it  appears 
that  the  number  of  eggs  spawned  at  one  time  by  these  species  may  range  frona  several  hundred 
thousand  to  several  million,    but  it  is  difficult  to  believe  that  very  many  of  these  eggs  grow  into 
mature  individuals,    and  the  attrition  accompauiying  growth  is  probably  rather  drastic. 

In  the  viviparous  fishes  like  the  sharks  variations  in  reproductive  potential  from 
year  to  year  are  probably  comparatively  sn-iall.     We  do  not  know  much  as  yet  about  the  number 
of  times  the  young  are  produced  each  year,    but  the  nunnber  of  young  sharks  produced  each  time 
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varies  greatly  with  the  species,    being  always  two  in  the  case  of  thresher  sharks,    less  than  10  in 
the  case  of  make  shaxks,    and  from  10  to  40  in  the  case  of  great  blue  sharks.     In  the  case  of  the 
oviparous  tunas  and  spearfishes,    it  can  be  imagined  that  the  effect  of  environmental  conditions 
is  very  great  and  that  fluctuations  in  reproductive  power  from  year  to  year  are  marked.     In 
other  words,    the  number  of  eggs  spawned  is  enormous  and  therefore  even  slight  variations  in 
environmental  factors  will  be  reflected  on  a  large  scale  in  the  total  stock  through  their  action  on 
fertilization,   hatching,    and  growth. 

The  spawning  habits  of  the  tunas  and  spearfishes  are  not  yet  well  known,    but  the 
degree  of  maturity  of  various  individuals  in  a  single  school  is  extremely  variable,    the  distribu- 
tion of  sexually  mature  individuals  is  extremely  extensive,    and  it  appears  that  the  occurrence  of 
juvenile  fish  is  also  remarkably  broad  but  very  sparse  so  that  they  cannot  be  collected  in  large 
numbers.     Furthermore,    juvenile  fish  of  various  sizes  can  be  taken  in  the  same  area  at  the  same 
season,    and  it  is  thought  that  all  of  these  phenomena  indicate  that  it  is  the  habit  of  these  fishes  to 
spawn  over  a  wide  area  throughout  a  rather  long  period  of  time. 

When  we  consider  the  oceanographic  characteristics  of  the  low  latitude  seas  which  are 
the  spawning  grounds  of  these  fishes,    we  see  that  the  content  of  nutrient  salts  in  the  sea  water  is 
small  and  that  it  varies  little  throughout  the  year.      This  means  that  the   quantitative  distribution 
of  plankton  is  small  and  that  its  seasonal  variation  is  also  small.     Accordingly,    it  nnay  be 
thought  that  the  food  for  juvenile  tunas  and  spearfishes  is  not  very  abundant  and  that  the  seasonal 
changes  in  its  quantity  are  not  very  pronounced.     Such  characteristics  are  markedly  different 
from  those  of  the  waters  of  high  latitudes.     In  the  seas  of  high  latitudes  we  find  seasons  of  con- 
spicuous proliferation  of  plankton  accompanying  changes  in  temperature.     In  coastal  waters 
nutrient  salts  are  constantly  supplied  from  the  land  by  rivers  and  by  other  agents.     However,    in 
the  very  middle  of  the  ocean  there  is  no  source  of  supply  for  these  nutrient  salts.     Consequently, 
in  the  seas  of  the  low  latitudes  where  these  fishes  spawn  and  pass  their  juvenile  stages,   the  con- 
ditions are  like  those  in  overworked  soil  with  an  insufficient  supply  of  fertilizer.     It  is  thought 
that  the  reason  that  the  spawning  of  tunas  and  spearfishes  in  such  waters  extends  over  such  a 
broad  area  and  such  a  long  period  of  time  is  that  this  is  the  most  reasonable  way  of  attaining  the 
objective  of  maintaining  the  species.     In  short,    spawning  over  a  broad  area  and  throughout  a  long 
period  is  in  better  agreennent  with  the  environmental  conditions  in  the  seas  in  which  these  fishes 
spawn,   from  the  point  of  view  of  the  maintenance  of  the  race,    than  would  be  spawning  in  a  com- 
paratively restricted  area  and  a  short  period  of  time,    as  is  the  case  with  fishes  of  the  high  lati- 
tudes . 

No  connected  study  of  the  food  habits  of  the  tunas  and  spearfishes  has  been  made  ajid 
they  are  not  well  understood.     There  is  no  roona  for  doubt  that  their  food  in  the  juvenile  stages 
consists  of  various  kinds  of  plankton.     The  natural  food  of  the  adult  is  indeed  heterogenous,    and 
it  is  very  doubtful  whether  they  exercise  a  great  deal  of  selection  with  regard  to  their  food.     It 
is  thought  rather  that  they  eat  whatever  is  most  abundant  in  the  area  where  they  occur  or  what- 
ever is  comparatively  easv  to  catch.     The  spearfishes   and  sharks  eat  mainly  large  fish  and 
squid.     The  tunas  eat,    in  addition  various  kinds  of  large  plankton.     The  plankton  feeding  character 
seems  to  be  most  pronounced  in  the  albacore.     At  sonne  places  and  seasons  Alepisaurus,    deepsea 
fishes,    and  fishes  such  as  Bentenia,    which  are  thought  of  as  rare  species,    are  very  commonly 
found  in  their  stomachs. 

If  we  take  all  of  these  factors  into  consideration,    we  may  think  that  the  resource  of 
the  tuna  longline  fishery  is  propagated  and  maintained  throughout  an  extremely  broad  expanse  of 
ocean.     If  we  consider  this  resource  in  terms  of  the  sea  which  supports  it,    the  density  of  distri- 
bution expressed  as  fish  per  unit  of  area  can  naturally  be  thought  to  be  rather  low  in  comparison 
with  the  resources  of  the  coastal  fisheries  or  of  the  fisheries  in  northern  waters.     However,    as 
regards  the  absolute  quantity  of  the  resource,    we  cannot  conclude  that  they  are  necessarily   in- 
ferior to  other  fisheries  resources,    if  we  consider  the  area  of  the  seas  in  which  they  occur. 
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The  fact  that  the  density  of  distribution  of  the  resource  is  low  in  terms  of  fish  per 
tinit  of  area  is  not  an  advantageous  condition  from  the  standpoint  of  the  fishery.     If  the  tunas  and 
spearfishes  led  a  sedentary  existence  with  a  low  density  of  distribution,    they  would  be  difficult 
to  catch  and  they  would  have  an  entirely  different  significance  as  the  objectives  of  a  fishery. 
However,    they  do  not  live  in  this  way,    but  rather  form  schools  and  migrate  and  the  fishery  is 
established  by  utilizing  this  migratory  character.     Furthermore,   the  location  and  nature  of  the 
fishing  grounds  and  fishing  seasons  are  naturally  determined  by  these  migrations.     Unfortunately, 
our  knowledge  concerning  this  migratory  character  is  as  yet  extremely  inadequate,    and  we  cannot 
utilize  this  chatracteristic  fully,    this  being  the  greatest  reason  for  the  lack  of  stability  in  the  tuna 
longline  fishery.     The  number  of  species  which  make  up  the  resource  of  the  tuna  fishery  is  rather 
large.     We  have  not  yet  reached  any  solution  to  the  problem  of  whether  each  of  these  species  is  a 
single  stock  or  whether  there  are  a  number  of  independent  stocks  in  the  Pacific  and  Indian  oceams. 

There  are  some  people  who  think  that  each  of  these  species  which  is   distributed 
throughout  the  whole  Pacific  Ocean  is  a  single  stock  and  that  at  some  time  in  their  lives  all  of 
the  fish  of  each  species  migrate  into  Japanese  waters.     The  migrations  into  Japanese  waters 
occur  each  year  at  about  the  same  season  and  are  made  up  of  fish  of  about  the  sanne  size  each 
year.     Considering  only  these  facts,    it  may  be  thought  that  this  theory  is  correct.     However, 
when  we  consider  the  extent  of  the  Pacific  Ocean,   there  are  some  facts  which  give  rise  to  doubts 
concerning  the  above  opinion  and  we  know  of  some  phenomena  which  can  be  thought  to  indicate  the 
existence  of  distinct  races. 

The  solutions  to  all  of  these  problems  must  await  future  research,    but  they  are  prob- 
lems which  must  be  solved  in  order  to  determine  the  character  of  the  resource. 

Dr.    Tauchi—    has  studied  the  effects  of  fishery  on  the  stock  and  has  reported  that  the 
catch  rate  for  the  tunas  in  Japanese  waters  ranges  from  10  to  55  percent—  ,    varying  with  the 
species  and  among  various  age  groups  within  a  species.     In  every  case  he  gives  rather  high 
values.     However,    as  was  mentioned  earlier,   there  is  doubt  as  to  whether  or  not  all  of  the  tunas 
necessarily  at  some  time  in  their  life  migrate  into  Japanese  waters,    eind  therefore  even  though 
Dr.    Tauchi's  values  may  correctly  show  the  catch  rate  in  Japanese  waters,    it  is  naturally  doubt- 
ful whether  the  tunas  of  the  whole  Pacific  are  being  caught  at  catch  rates  like  those  cited  above. 

If  we  consider  the  relationship  between  fishing  effort  and  catch  in  the  past,    based  on 
statistics  of  the  Ministry  of  Agriculture  and  Forestry,   the  Colonial  Office,    and  the  Formosa 
Fisheries  Experiment  Station,    we  cannot  perceive  any  very  clear  correlation.     It  appears  that  a 
tendency  toward  an  increase  in  the  catch  with  an  increase  in  fishing  effort  can  be  detected,    but 
we  can  see  conspicuous  fluctuations  in  the  amounts  of  the  catch  from  year  to  year. 

Statistics  showing  fishing  effort  are  almost  entirely  limited  to  the  number  of  vessels 
engaged  in  the  fishery  and  their  total  tonnage   and  therefore  the  fishing  effort  is  shown  by  de- 
duced values  which  do  not  make  very  good  data.     Figure  8  shows  the  total  catch,    the  number  of 
vessels  engaged,    and  the  total  tonnage  of  the  vessels  for  the  period  from   1930  to   1940.     The 
graph  shows  index  figures  with   1930  as   100.     It  can  be  seen  from  the  figure  that  the  increase  in 
the  size  of  the  fishing  vessels  from  1934  on  was  very  conspicuous. 


11   Tauchi,    Morisaburo.     1940.     Bull.   Jap.   Soc.   Sci.   Fish.,    Vol.    9,    No.   4,   pp.    133-135,    136- 

138,    139-141. 
3/      Catch  rates  here  mean  the  proportion  of  the  stock  represented  by  the  total  catch. 
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It  is  considered 
that  both  increases  and  de- 
creases in  the  number  of 
operating  vessels  and  changes 
in  the  size  of  the  vessels  show 
increases  or  decreases  in  the 
fishing  effort.     It  is  not,    how- 
ever,   reasonable  to  consider 
these  simply  as  increases  or 
decreases  in  the  fishing 
effort  applied  to  the  same  re- 
source.    The  reason  for  this 
is  that  in  many  cases  an  in- 
crease in  the  size  of  the 
vessel  means  an  extension  of 
the  operating  area  to  more 
distant  fishing  grounds  and 
with  the  change  in  fishing 
grounds  there  is  a  great  pos- 
sibility that    different  kinds 
of  fish  will  be  tciken.     Fur- 
thermore,   it  may  also  be 
thought  that  a  shift  to  more 
distant  fishing  grounds  will 
result  in  a  reduced  number 
of  operations  in  the  course 
of  a  year  so  that  in  some 
cases  at  least  larger  vessels 
do  not  mean  an  increase  in 
fishing  effort.     Consequently  this  comparison  of  the  total  catch  of  the  tunas  with  the  number  of 

boats  and  their  total  tonnage  does  not  enable  us  to  discuss  the  correlation  between  fishing  effort 

and  the  stock. 
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Figure  8,  --Catch  in  relation  to  number  of  boats 
and  total  tonnage  of  vessels. 


These  factors  must  nevertheless  be  thoroughly  considered.     In  figure  8  we  can  see 
fluctuations  of  about  10  percent  in  the  number  of  vessels,    and  from   1934  on  the  total  tonnage  in- 
creased sharply.     Wide  variations  from  year  to  year  in  the  total  catch  can  be  seen,    but  through 
these  variations  is  shown  a  tendency  for  the  catch  to  rise.     It  should  be  noted  that  the  catch  shown 
here  is  a  total  of  tunas  and  spearfishes  and  does  not  show  any  particular  species.     At  any  rate, 
even  though  some  degree  of  correlation  can  be  detected  between  the  total  catch  and  fishing  effort, 
it  may  be  thought  that  there  are  some  other  factors   operating  outside  this  correlation  to  bring 
about  fluctuations  in  the  catch.     The  most  innportant  of  these  factors  are  thought  to  be  changes  in 
the  migrational  pattern  accompanying  changes  in  oceanographic  conditions  and  variations  in  the 
recruitment  to  the  stock  caused  by  changes  in  environmental  factors.     In  any  case  there  is  some- 
thing which  operates  independently  of  fishing  effort  to  control  the  variations  in  the  catch,    and  if 
the  effect  of  fishing  effort  on  the  increase  or  decrease  of  the  stock  can  be  ignored,    it  cannot  be 
thought  that  this  condition  implies  overfishing. 

Overfishing  means  that  the  catch  exceeds  the  natural  increase  of  the   stock.     Deciding 
whether  or  not  a  particular  stock  is  being  overfished  is  an  extremely  difficult  problenn.     As  far 
as  the  resources  of  the  tuna  longline  fishery  are  concerned,    up  to  this  stage  in  their  developnnent 
no  one  has  put  forward  any  definite  views  as  to  whether  or  not  they  are  being  overfished. 

The  danger  that  the  fisheries  resource  may  be  overexploited  arises  from  the  relation- 
ship between  the  reproductive  potential  and  area  of  distribution  of  the  resource  and  the  effective- 
ness of  the  fishing.     In  fishes  which  have  a  high  reproductive  potential,    there  is  comparatively 
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little  danger  of  overfishing.      The  same  is  true  of  fishes  which  have  an  extremely  broad  range 
of  occurrence.     However,    where  the  fishing  is  extremely  efficient  and  effective,    it  may  naturally 
be  thought  that  there  is  danger  of  its  outweighing  such  considerations   as  the  reproductive 
potential. 

Except  in  some  special  cases,    net  fishing  has  not  become  established  in  the  tuna 
fisheries.     The  longline  fishery  is  the  nucleus  of  the  fishery.      The  great  majority  of  the  fish 
taken  by  longlines  axe  already  mature.     The  fishing  implement  is  a  hook,    and  the  meuiner  of  its 
use  traces  across  the  open  sea  a  broken  rather  than  a  solid  line.     Consequently,    there  is  almost 
no  danger  of  cleaning  up  a  school  of  fish  with  one  set,    as  happens  in  net  fisheries.     It  is  nnore 
reasonable  rather,    at  least  under  present  conditions,    to  think  of  it  as  a  kind  of  thinning  out.     As 
yet  no  one  has  expressed  a  definite  opinion  as  to  whether  or  not  the  resources  of  the  tuna  longline 
fishery  are  being  overfished.     This  can  be  thought  to  mean  that  there  are  no  data  with  which  to 
arrive  at  a  definite  opinion. 

To   sum    up  the  foregoing,    it  is  considered  that  the  resources  of  the  tuna  longline 
fishery  are  of  such  character  that  there  is  little  danger  of  their  being  overfished,    judging  both 
from  the  conditions  under  which  they  are  propagated  and  maintained  and  from  the  type  of  gear 
and  the  fishing  method  used.     In  short,   the  effect  of  man's  effort  on  the  resource  is  really  very 
slight  when  connpared  with  the  effect  of  natural  conditions.       This  mejins,    on  the  other  hand,    that 
this  fishery  is  lacking  in  planability  and  stability  and  this   is  the  reason  why  it  is  one  of  the  nnost 
primitive  in  character  of  all  fisheries. 

III.     General  Outline  of  Fishing  Grounds  and  Fishing  Seasons 

The  longline  fishery  for  tuna  has  developed  in  very  close  association  with  the  pole 
and  line  live-bait  fishery  for  skipjack.      The  majority  of  the  boats  in  this  fishery  fish  for  skip- 
jack approximately  half  of  the  year,    including  the  sunnnner  season,    and  engage  in  the  longline 
fishery  during  approximately  half  the  year,    including  the  winter  season.     This  manner  of  opera- 
tion,   in  general,    is  connected  with  the  prospects  for  profit  to  the  operators.     As  was  stated 
earlier,   the  vessels  which  engage  only  in  this  fishery,   taking  no  part  in  skipjack  fishing  at  any 
tinne  of  the  year,    now  junount  to  25  percent  of  sill  skipjack  and  tuna  vessels.     Furthermore,    in 
areas  where  the  geographical  distribution  of  the  fishes  makes  longline  fishing  profitable,    the 
boats  engage  in  longlining  even  during  the  sumnner  season.     The  longline  fishery  for  spearfishes 
on  the  grounds  west  of  Kyushu  is  an  example,    although  in  recent  years  the  catch  has  dropped  to 
nothing  and  the  fishery  has  been  abandoned,    and  the  fishery  for  black  tuna  off  northeastern  Honshu 
and  Hokkaido  is   a  good  example  as  the  fishing  season  is  chiefly  during  the  summer. 

The  tunas   and  spearfishes   are  basically  warm-water  fishes.     A  short  account  of  their 
species  will  be  given  in  the  next  chapter,   but  the  number  of  species  is  rather  large  and  they  differ 
among  themselves  as  regards  the  areas  around  which  their  distributions  center,    and  they  differ 
too  in  the  seasons  and  routes  by  which  they  migrate  into  Japanese  waters. 

The  black  tuna  is  the  most  resistant  to  low  temperature  of  all  the  tunas,    migrating  as 
far  as  Hokkaido  and  the  coast  of  Sakhalin,    where  it  is  found  in  waters  as  cold  as   5     C.      This  is, 

however,    rather  exceptional,    and  in  Japcinese  waters  this  species  is  taken  in  the  greatest  numbers 

o  o  o 

in  water  having  temperatures  of  14     -   15     C.   to  20     C.     As  far  as  is  known  at  present  the  warm- 
est waters  in  which  this  species  occurs  are  off  the  Philippines,    where  teinperatures  reach  26 
to  29     C.     This  is  the  southern  limit  of  their  distribution  in  the  North  Pacific  Ocean.     This 
species  has  the  characteristic  of  penetrating  into  coastal  waters  and  occurs  in  the  Japan  Sea. 
There  are  records  of  their  having  been  taken  by  fixed  gear  from  Kyushu  to  southern  Hokkaido 
ajid  on  the  Japan  Sea  coast  of  Sakhalin. 

o  ,  o 

The  albacore  is  said  to  occur  in  areas  having  water  temperatures  of  17     to  26     or 

27     C.     The  northern  and  southern  limits  of  its  distribution  extend  from  the  Equator  to  past  40 

N.    latitude.     In  Japanese  waters  they  are  most  abundant  in  areas  where  the  water  teinperature 

is  around  20     C.    and  generally  occur  only  in  offshore  waters,    seldom  appearing  in  the  coastal 

areas. 

26 


For  a  tuna  the  higeye  has  a  peculiar  pattern  of  distribution.     It  shows  little  change  in 
density  with  changes  in  latitude,    but  appears  to  be  evenly  and  sparsely  distributed  all  over  its 
range.     Like  the  albacore  it  does  not  appear  to  enter  the  coastal  waters  and  tends  to  become  more 
numerous   as  one  goes  offshore.     It  is  said  that  the  level  at  which  it  swims  differs  from  day  to 
night  and  that  it  shows  a  conspicuous  tendency  to  swim  at  deep  levels  during  the  day  and  to  appear 
at  tlie  surface  during  the  night. 

Among  the  tunas  the  yellowfin  is  the  one  which  most  belongs   to  the  waters  of  the   low 
latitudes,    its  density  of  distribution  being  high  in  an  area  centered  along  the  Equator.     At  some 
seasons  it  appears  also  in  the  waters  of  rather  high  latitudes,    but  these  seasons  are  short.     In 
general  it  lives  offshore,    but  it  also  enters  enclosed  bodies  of  water.     It  is  taken,    although  rarely, 
in  the  Japan  Sea.     As  a  young  fish,    when  it  is  called  kimeji,    it  enters  the  coastal  waters  and  is 
not  rarely  taken  in  fixed  gear. 

Differences  in  the  distribution  of  the  various  species  of  spearfishes  can  also  be  de- 
tected.    Excepting  the  broadbill,    it  appears  that  the  other  species  on  the  whole  prefer  higher 
temperatures  than  do  the  tunas,    and  the  greater  part  of  the  catch  is  made  in  water  temperatures 
of  20     -  28     C.     Except  for  the  broadbill,    all  the  other  species  in  general  appear  to  have  more  or 
less  of  a  tendency  to  be  more  abundant  in  coastal  water  areas,    so  that  the  catch  seems  to  be 
greater  in  the  vicinity  of  islands.      The  broadbill  has  a  wide  range  of  distribution,    and  in  Japanese 
waters  its  catch  pattern  to  some  extent  resembles  that  of  the  albacore.     However,    it  is  scarce  in 
the  very  far  offshore  areas  frequented  by  the  albacore.     In  the  white  marlin  and  the  sailfish  the 
the  coastal  character  is  particularly  strong  and  they  are  most  abundant  from  the   100  fathom  line 
of  the  continental  shelf  to  Taiwan  and  the  shores  of  the  Philippines.      The  striped  marlin  is  most 
abundant  in  the  subtropical  central  Pacific  and  its  distribution  extends  to  the  vicinity  of  40     N. 
latitude.     The  black  marlin  is  abundant  in  the  Equatorial  Countercurrent  and  the  North  Equatorial 
Current.     It  migrates  to  the  north,    but  its  range  of  distribution  appears  to  be  more  restricted  to 
wariTi  seas  than  that  of  the  striped  marlin. 

As  stated  above,    the  distributional  pattern  of  these  species  appears  to  vary  mainly 
from  north  to  south.     This  phenomenon  is  thought  to  indicate  that  temperature  bears  an  important 
relationship  to  the  distribution  of  these  fishes.     Nevertlieless ,    the  range  of  temperatures  which 
these  fish  can  withstand  is,    as  indicated  above,    rather  broad.     In  the  past  these  fish  were  taken 
as  representative  of  the  so-called  stenothermal  fishes,    however,    they  can  be  thought  of  as  not 
necessarily  stenotherinal  but  as  rather  eurytherinal. 

As  has   already  been  said,    temperature  bears  a  very  important  relationship  to  the 
distribution  and  migration  of  these  fishes.     However,    the  range  of  temperature  change  which  they 
can  endure  is  rather  great  and  in  sea  areas  which  are  within  tliat  range  there  is  a  possibility 
solely  from  the  standpoint  of  temperature  of  the  occurrence  of  these  fishes.     Water  temperatures 
which  limit  the  possibility  of  occurrence  of  these  species  can  become  a  controlling  factor  as  re- 
gards fishing  grounds  and  fishing  seasons,    but  in  waters  where  the  temperatures  are  favorable 
for  their  occurrence  at  all  times  we  can  hardly  think  that  temperature  has  a  controlling  influence 
on  the  establishment  of  fishing  seasons  and  fishing  grounds.     It  goes  without  saying  that  the  re- 
sources of  the  oceans   are  in  the  last  analysis  controlled  by  the  chemical  characteristics   of  their 
waters  and  the  energy  of  the  sun.      But  it  need  hardly  be  said  that  these  fishes,    which  are  living 
things,    have  the  instinct  for  self-preservation  and  the  instinct  for  the  preservation  of  the  species, 
and  they  act  in  accordance  with  these  objectives.     Studies  in  this  field  have  advanced  so  extremely 
little  that  we  unfortunately  have  no  data  on  which  to  base  a  discussion  of  the  relationship  between 
the  distribution  and  migrations  of  the  tunas  and  their  ecology  and  physiology. 

When  it  comes  to  the  problem  of  fishing  grounds,   the  biological  distribution  and  the 
potentiality  of  distribution  are  naturally  different.     In  order  that  a  body  of  water  may  have  sig- 
nificance as  a  fishing  ground,    it  is  essential  that  fishing  operations  be  actually  carried  on  in  those 
waters   and  that  the  catch  be  at  least  such  as  to  pay  the  expenses  of  the  fishermen. 
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As  has  already  been  said  several  times,  although  the  centers  of  distribution  of  these 
fishes  vary  somewhat,  they  are  essentially  warm-water  animals  and  consequently  most  of  them 
occur  at  all  times  in  the  waters  of  the  low  latitudes.  In  the  case  of  the  black  tuna,  the  albacore, 
and  the  broadbill  it  appears  that  the  center  of  their  distribution  lies  in  rather  high  latitudes.  In 
any  case,  none  of  these  species  leads  a  sedentary  life  within  a  narrow  area  of  the  sea,  but  they 
all  move  through  extremely  broad  reaches  of  the  ocean.  The  fishing  grounds  and  fishing  seasons 
change  in  response  to  these  movennents. 

Looking  at  the  situation  in  Japanese  waters,   we  see  that  from  spring  to  summer  the 
Japan  Current  (Kuroshio)  increases  in  strength,    so  that  warm  sea  water  is  brought  far  to  the 
northward,    at  the  same  tinne  all  of  the  seas  of  the  northern  hemisphere  grow  warmer,    and  the 
tunas  and  spearfishes  gradually  move  toward  the  north.     The  reverse  occurs  from  autumn  to 
winter,    when  the  temperatures  in  the  northern  hemisphere  gradually  fall,    accompanied  by  a  re- 
turn to  the  south  on  the  part  of  the  fish.     The  outlines  of  these  movements  will  be  set  forth  below, 
but  in  recent  years  the  patterns  of  migration  have  undergone  much  change,    the  black  tuna,    for 
example,    scarcely  appearing  in  the  coastal  waters  of  Japan  and  no  mass  migrations  of  this 
species  being  seen  at  all. 

In  the  waters  of  Hokkaido  the  black  tuna  generally  appears  in  July.     At  about  that  time 
the  area  20  -  40  miles  south  southwest  of  Erimozaki  becomes  a  good  fishing  ground.     By  Septem- 
ber the  schools  are  usually  densely  congregated  within  30  to  40  miles  of  the  coast  from  south  of 
Kushiro  to  Erimozaki.     In  October  all  of  the  offshore  waters  between  Erimozaki  and  Ezanmisaki 
are  fishing  grounds,   but  from  this  nnonth  on  the  fish  finally  begin  to  disappear  fronn  this  area. 
Thus  the  fishing  season  on  the  Hokkaido  coastal  ground  is  from  July  to  October,   but  in  recent 
years  there  has  been  hardly  any  catch.     The  longline  catches  in  this  area  are  almost  entirely 
composed  of  black  tuna,    other  tunas  and  spearfishes  being  alnnost  completely  absent  from  the 
catch  and  only  a  few  sharks  being  taken. 

In  the  offshore  waters  fronn  Iwate  Prefecture  to  Fukushima  Prefecture,    the  so-called 
Sanriku  region,   the  fishing  season  is  longer  thaji  in  the  Hokkaido  coastal  areas.     In  some  years 
black  tuna  are  taken  as  early  as  April,   but  the  season  of  greatest  catch  is  the  3  months  from 
June  to  August.      Thereafter  the  fish  gradually  disappear,    but  around  Novennber  they  again  begin 
to  be  caught  and  scattered  catches  are  made  until  around  January.     The  fish  taken  fronn  June  to 
August  ajre  called  "ascending  fish,"  while  those  taken  after  November  are  cjilled  "descending"  or 
"returning  fish.  "    In  these  waters  striped  marlin  are  taken  in  fairly  large  numbers  during  the 
summer  and  broadbill  are  numerous  in  the  winter.     In  some  years  bigeye  tuna  are  also  abundant. 
Furthermore,    during  two  seasons,    in  the  sunnmer  and  winter,    an  extremely  large  number  of 
rakudazame   (Isurus  nasus)  are  taken  by  the  so-called  mokanawa  longline  fishery. 

Off  the  east  coast  fronn  Ibaraki  Prefecture  to  Chiba  Prefecture,    black  tuna,    bigeye 
tuna,    albacore,    cind  broadbill  begin  to  be  taken  around  Novennber  and  catches  continue  to  be  made 
until  around  April  of  the  following  year.     In  the  summer  the  composition  of  the  catch  changes,    the 
striped  marlin  and  black  marlin  increase,    and  at  the  same  time  quite  a  few  yellowfin  are  taken. 

Farther  to  the  southwest  in  the  waters  from  the  Izu  Peninsula  to  the  Izu  ShichitS 
islands  black  tuna  begin  to  be  taken  around  November,   the  season  at  which  they  are  caught  most 
abundantly  being  from  January  to  February.     In  some  yesirs  scattered  catches  are  also  made  in 
April  and  May.      Bigeye  tuna  are  also  taken  at  about  the  same  time,    but  their  fishing  season  be- 
gins about  a  month  earlier  and  lasts  about  a  month  longer  than  that  for  the  black  tuna.     It  appears 
that  albacore  begin  to  be  taken  in  some  numbers  on  the  longlines  around  March  to  May.     In  early 
years  the  yellowfin  begin  to  appear  around  April  and  are  taken  in  greater  or  lesser  amounts  until 
November.     Striped  marlin  occur  almost  throughout  the  year,  but  they  are  nnost  abundant  from 
June  to  September  and  are  mainly  taken  with  the  harpoon.     The  fishing  season  for  black  marlin 
appeeirs  to  begin  about  1  nnonth  later  than  that  for  striped  marlin.     The  broadbill  are  most  abun- 
dant in  the  winter,    the  season  being  centered  around  January  and  February,    with  the  center  of 
their  fishing  grounds  lying  to  the  east  of  the  Shichito  islands. 
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Farther  west  in  the  waters  off  the  Kii  Peninsula  the  yellowfin  and  bigeye  tuna  are 
rather  abundeint  and  albacore  are  taken  in  some  numbers  from  September  to  November.     From 
December  on  the  yellowfin  and  bigeye  gradually  begin  to  decline,    while  on  the  other  hand  the  al- 
bacore catch  gradually  increases.     The  albacore  fishery  is  quite  active  from  December  to  March. 
The  catch  situation  for  the  spearfishes  is  not  greatly  different  from  that  in  the  Izu  Shichito  region 
except  that  in  this  area  broadbill  are  hardly  taken  at  all.      Black  tuna  are   caught  sporadically  from 
December  to  March.     A  little  to  the  southward  on  the  so-called  Kinan  Reef  fishing  grounds  cen- 
tered around  28°  to  30°  N.  ,    135     E.  ,   the  albacore  fishing  is  very  active  in  the  period  from  Jan- 
uary to  March,    and  at  the  same  time  bigeye  tuna  are  fairly  abundant  and  spearfishes  and  yellow- 
fin are  also  mixed  in  the  catch  to  some  extent. 

Farther  to  the  west  in  the  waters  off  Tosa  (southern  Shikoku)  yellowfin  are  taken  in 
rather  large  numbers  from  October  to  December,    while  the  bigeye  catch  shows  more  or  less  of 
a  tendency  to  increase  in  Jeinuary  and  February.     In  March  and  April  the  albacore  catch  is  large, 
the  fishing  grounds  lying  rather  close  along  the  shore. 

The  so-called  Satsunan  area  (south  of  Kyushu)  has  been  a  famous  black  tuna  ground 
since  ancient  times.     As  was  stated  earlier,    in  recent  years  there  has  been  hardly  any  migration 
of  black  tuna  into  this  region  and  consequently  there  has  been  no  catch.     At  present  the  only  catch 
is  some  bigeye  tuna  which  are  taiken  in  the  winter.      The  good  fishing  grounds  for  black  tuna  in 
general  were  from  30     -  32     N.    latitude,    130°-   132     E.    longitude.     Formerly,    when  the  black 
tuna  fishery  was  flourishing,    the  catch  gradually  increased  from  about  the  middle  of  December 
and  reached  its  peak  from  January  to  the  latter  part  of  February,    in  some  years  extending  to  the 
first  part  of  March.     At  this  season  the  port  of  Aburatsu  in  Miyazaki  Prefecture  was  bustling  with 
a  large  number  of  boats  from  other  prefectures.     After  the  first  or  middle  part  of  March  the 
catch  declined  rather  abruptly  and  ordinarily  the  fishing  was  completely  ended  by  the  latter  part 
of  April  or  the  early  part  of  May.     As  will  be  related  in  a  later  section  (V.     Fishing  Grounds, 
1  1.     Nankai  Sea  Area),    the  black  tuna  catch  in  this  area  declined  abruptly  after   1940  and  from 
1945  on  there  has  been  no  catch  at  all.     Different  people  give  different  explanations  for  this  phe- 
nomenon,   but  it  should  be  noted  well  that  it  parallels  perfectly  the  decline  in  the  catch  of  sar- 
dines.    No  quick  decision  can  be  made  as  to  whether  it  is   a  falling  off  of  the  catch  caused  by  a 
cyclical  decline  in  the  black  tuna  stock  accompanying  changes  in  oceanographic  conditions,    or 
whether  the  fishing  grounds  have  deteriorated  because  the  black  tuna  changed  the  course  of  their 
food-seeking  migration  after  the  sardines  ceased  to  congregate  for  spawning  in  this  region. 
Yellowfin  are  usually  slightly  more  abundeint  around  October  and  the  bigeye  show  approximately 
the  same  pattern,    but  these  species  do  not  present  such  a  clearly    defined  fishing  season  as  did 
the  black  tuna.     The  albacore  catch  in  this  region  is  extremely  small. 

The  waters  to  the  west  of  this  region  from  the  west  coast  of  Kyushu  to  Saishuto 
(Quelpart  Island)  are  famous  as  a  fishing  ground  for  the  spearfishes.     Around  March  to  May  some 
of  the  black  tuna  which  enter  the  Japan  Sea  with  the  Tsushinna  Current  are  also  taken  there.      The 
spearfish  season  begins  in  July  to  September  in  the  Saishuto  (Quelpart  Island)  area  and  the 
fishery  gradually  moves  southward  with  the  progress  of  the  season.     The  positions  of  the  fishing 
grounds  generally  lie  along  the   100-fathom  line  of  the  continental  shelf.     Almost  all  of  the  tuna 
taken  in  the  Japaji  Sea  are  black  tuna.     There  are  extremely  rare  reports  of  yellowfin  being  taken 
there.     The  Tsushinna  Current,    which  branches  off  from  the  main  Kuroshio  south  of  Kyushu, 
passes  through  the   Tsushima  Strait  and  then  flows  north  along  the  Japanese  coast,    while  on  the 
continental  side  there  is  a  southward  flowing  cold  current.     For  this  reason  the  fishing  grounds 
for  the  black  tuna  are  naturally  linnited  to  the  Japan  coast  and  they  are  only  extremely  rarely 
taken  along  the  Korean  or  Siberian  coasts.     During  the  sunnmer  the  schools  gradually  move 
northward  and  in  years  when  the  warm  current  is  very  strong  they  sometimes  pass  along  the 
west  coast  of  Hokkaido  to  be  taken  on  the  coasts  of  Sakhalin.     In  the  Japan  Sea  area  there  is  no 
longline  fishery  at  all,   the  tuna  being  taken  entirely  with  fixed  gear. 
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The  central  patrt  of  the  Pacific  Occam  eastward  from  150     E.   longitude  and  south  from 
40     to  about  26     N.   latitude  is  famous  as  an  albacore  ground.     In  this  area  nnost  of  the  catch  is 
made  in  the  northern  portion  around  October,    but  the  center  of  the  fishing  grounds  gradually 
moves  southward  until  in  the  latter  part  of  March  it  is  at  around  26     to  28     N.      The  fishing  sea- 
son in  this  region  ends  from  around  the  end  of  March  to  the  early  part  of  April.     The  various 
fishing  grounds  centered  respectively  at   160     E.    longitude,    175     E.   longitude,    and  175     W.   longi- 
tude all  differ  more  or  less  in  their  characteristics,    but  data  are  scarce  and  a  thorough  analysis 
is  impossible.     Besides  albacore,    bigeye  tuna  are  taken  rather  plentifully,    particularly  around 
December.     Striped  marlin  and  broadbill  are  also  taken  in  some  numbers,    and  throughout  the 
secisons  scattered  catches  of  black  tuna  and  yellowfin  are  made. 

In  the  coastal  waters  of  the  Ogasawara  chain  some  fish  are  caught  throughout  the 
year.     Chief  among  the  tunas  taken  are  the  yellowfin  and  the  bigeye  tuna.     The  black  tuna  is  also 
taken,    although  very  rarely,   in  the  northern  part  of  this  sea  region  around  May  and  June.     The 
albacore  catch  increases  somewhat  from  March  to  May.     Skipjack  boats  which  operate  in  this 
area  take  albacore  on  pole  and  line  at  about  that  season.      The  season  of  greatest  abundance  for 
yellowfin  is  from  May  to  July  and  there  is  another  increase  in  the  catch  around  November.     A 
tendency  for  the  rise  and  decline  in  the  bigeye  catch  to  be  about   1  to  2  months  later  than  that  for 
the  yellowfin  can  be  discerned.      The  most  important  fish  in  this  region  are  the  spearfishes. 
Among  them  the  striped  nnarlin  catch  in  generad  rises  and  declines  at  about  the  same  times  as 
the  yellowfin,    but  the  increase  in  the  yellowfin  catch  in  Noven-iber  is  not  paralleled  by  a  similar 
increase  in  the  striped  marlin  catch.     The  rise  and  fall  of  the  black  tuna  catch  roughly  parallels 
that  of  the  bigeye.      Broadbill  are  rather  abundant  in  the  northeastern  portion  of  this   sea  area, 
the  season  being  centered  around  February.     In  addition  there  is  also  a  very  large  shark  catch 
which  is  chiefly  great  blue  shark. 

In  the  Okinawa  region,    too,    fishing  proceeds  throughout  the  year.     In  this  region 
schools  of  black  tuna  appear  everywhere  from  April  to  June.     These  schools  are  thought  to  differ 
in  age  from  the  previously  mentioned  schools  of  the  Satsunan  Sea  area.     Yellowfin  are  rather 
abundant  along  the  eastern  boundary  of  the  Kuroshio  and  spearfishes  are  plentiful  from  the  west- 
ern boundary  of  the  current  to  the   100-fathom  line  of  the  East  China  Sea.     The  spearfish  catch 
begins  to  increase  gradually  around  March  and  the  fishing  grounds  gradually  move  northward. 
At  the  beginning  of  the  season  white  nnarlin  are  most  numerous,    followed  by  striped  marlin, 
after  which  comes  the  season  for  black  marlin  and  sailfish.     On  the  whole  the  seasonal  changes 
in  the  catch  of  these  fishes  closely  resemble  the  pattern  seen  in  coastal  waters  of  the  Ogasawara 
Islands. 

Spearfishes  are  extremely  abundant  east  of  Formosa  where  the  harpoon  fishery  is 
very  active  fron-i  October  to  April,    that  is,    during  the  season  of  northeasterly  winds.      The  fish- 
ing grounds  are  within  30  miles  of  the  coast.     At  the  same  season  in  the  same  aureas  there  is  a 
flourishing  longline  fishery  for  sharks,    mainly  species  of  Carcharhinus  and  hammerheads. 
From  April  to  June  the  black  tuna  migrate  into  these  waters  and  at  the  same  season  sailfish  are 
abundant. 

In  the  South  China  Sea  the  most  nunnerous  species  is  the  yellowfin,    its  fishing  season 
being  the  season  of  northeasterly  winds.     From  March  to  the  early  part  of  June  albacore  fishing 
is  active  fronn  the  Bashi  Strait  to  the  northeastern  pairt  of  this  sea  area.     Black  marlin  and  sail- 
fish become  abundant  from  June  to  August.     Albacore  are  rather  plentiful  around  March  in  the 
northeastern  part  of  the  sea  area. 

Black  marlin  and  yellowfin  tuna  are  densely  distributed  in  the  waters   60  to  200  miles 
east  of  the  Philippines  during  the  season  of  southwesterly  winds,   the  former  being  more  abundant 
in  the  north  while  the  latter  is  nnore  numerous  in  the  southern  part  of  the  area.     Fishing  for 
black  tuna  is  very  active  from  March  to  June  in  waters  comparatively  close  to  the  coast  of  north- 
eastern Liuzon. 
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In  the  Sulu  Sea  yellowfin  are  most  numerous  followed  by  the  spearfishes,    and  fishing 
proceeds  throughout  the  year.      The  Celebes  Sea  is  also  an  excellent  fishing  ground  with  yellowfin 
tuna  most  numerous,  followed  by  the  spearfishes,    of  which  the  chief  is  the  white  marlin.      The 
fish  are  caught  there  throughout  the  year,    but  the  peak  of  the  season  is  during  the  season  of 
southwesterly  winds,    the  fishing  situation  appearing  to  resemble  that  of  the   southernportion  of 
the  East  Philippine  Sea. 

In  the  low  latitudes  of  the  Pacific,    in  the  grounds  centered  along  the  Equator,    yellow- 
fin are  very  abundant,    forming  about  75  percent  of  the  catch  (excepting  sharks).      Bigeye  tuna  are 
about   10  percent  and  spearfishes  about   15  percent.     Some  albacore  are  taken,    but  there  are  ab- 
solutely no  records  of  black  tuna  being  caught  there.—      Seasonal  changes  in  the  fishing  situation 
are  slight,   but  in  general  catch  rates  are  better  during  the  season  of  southwesterlies  than  during 
the  season  of  northeasterly  winds.     Proceeding  northward  from  the  '-icinity  of  the  Equator  the 
catch  rates   for  yellowfin  fall  off  sharply,    the  catch  rate  curve  dipping  to  a  low  in  the  vicinity  of 
10     N.      The  spearfishes  are  most  abundant  in  an  area  centered  on  ZO     N.    latitude. 

The  preceding  is  an  outline  of  the  fishing  seasons  and  fishing  grounds  in  the  western 
part  of  the  Pacific  Ocean  north  of  the  Equator.     In  general  the  density  of  distribution  of  tliese 
fishes  in  this  area  increases  during  the  summer.     However,    the  albacore  and  broadbill  are  more 
abundant  during  the  winter.     From  a  geographical  point  of  view,    the  yellowfin  are  very  densely 
distributed  in  the  Equatorial  Countercurrent,    spearfishes  are  most  abundant  in  the  North  Equa- 
torial Current,    and  albacore  are  most  plentiful  to  the  north  of  the  subtropical  convergence. 
Broadbill  are  also  more  numerous  north  of  the  subtropical  convergence,    but  there  the  principal 
zone  of  distribution  is  narrow  in  an  east-west  direction.      Bigeye  tuna  are  caught  in  roughly 
equal  abundance  all  over  the  whole  area.      The  black  tuna  appears  to  occur  chiefly  in  the  area  of 
the  Kuroshio. 

IV.     Fishes   Taken  by  Tuna  Longline  Fishery 

The  tunas   are  among  the  fishes  with  which  the  Japanese  are  best  acquainted,   but 
this  is  only  true  of  tuna  which  has  been  made  into  sliced  raw  fish  or  served  on  top  of  rice  balls. 
There  are  actually  few  people  who  know  what  the  fish  look  like,    and  even  fewer  who  can  tell  one 
species  from  another.     Still  fewer  people  know  where  and  by  what  methods  such  fish  are  taken. 

As  indicated  by  the  number  of  names  cited  in  the  preceding  chapter,    the  number  of 
species  is  fairly  large.     They  all  migrate  extensively  in  the  open  sea  and  their  capture  is  attend- 
ed by  extremely  hard  labor  on  the  part  of  the  fishermen,    who  sail  the  broad  sea  in  small  vessels 
and  do  battle  with  the  elements. 

As  has  been  stated  .previously,    the  greatest  among  the  tuna  fisheries  is  the  longline 
fishery.     The  principal  objects  of  this  fishery  are  of  course  the  various  species  of  tuna,    but  at 
some  times  and  places  the  spearfishes  also  have  an   extremely  important  significance.     Although 
they  do  not  have  the  economic  value  of  the  other  fishes,    the  sharks  are  also  important  in  the 
catch  of  this  fishery.     The  following  is  a  brief  account  of  the  habits  and  form  of  these  fishes. 


4/     The  capture  of  a  few  individuals  was  reported  from  mothership-type  operations  carried  on 
from  June  to  September   1950. 
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A.     Tunas 

These  fishes  all  belong  to  the  family  Thunnidae,    amd  are  very  closely  related  to  the 
mackerels  and  bonitos. 

The  body  is  almost  perfectly  spindle-shaped  and  is  adapted  to  swimming  at  high 
speed.     The  root  of  the  tail  (caudal  peduncle)  is  extraordinarily  slender  and  is  broader  than  it 
is  deep.      This  form  is  well-adapted  to  a  violent,    side  to  side  motion  of  the  tail  fin.     The  tail  fin 
is  large  and  strong.     As  the  majority  of  these  fishes  are  essentially  warm-water  fish,    they  are 
most  numerous  in  warm  seas,    and  they  characteristically  make  large-scale  migrations  along 
warm  currents.     A  very  great  number  of  species  has  been  reported  from  the  seas  of  the  world, 
but  in  actuality  it  is  doubtful  whether  the  number  of  species  is  so  large.     Even  though  the  species 
may  be  numerous,    they  do  not  after  all  have  any  great  concern  for  us,    so  only  the  five  species 
which  occur  in  Japajiese  waters  will  be  described  here. 

1.      Black  tuna,    Thunnus  orientalis    (Schlegel) 

Bluefin  tuna  (America). 

Depending  on  the  locality  and  the  size  of  the  fish,    this  species  has  nnany  names,    such 
as,    inaguro,    kuromaguro,   kuroshibi,    mejimaguro,    yokowa,    kakinotane.    This  is  the  largest 
species  in  the  family  Thunnidae,    attaining  a  length  of  2.5  meters  and  a  weight  of  300  to  350  kilo- 
grams. 

The  species  is  characterized  by  short  pectoral  fins,   the  tips  of  which  do  not  reach  to 
below  the  middle  of  the  first  dorsal  fin.     They  can  easily  be  distinguished  from  the  other  species 
by  this  character  alone.      The  back  is  a  light  black  and  the  sides  are  greyish  white.      The  finlets 
(the  disconnected  smaill  fins)  behind  the  dorsal  and  anal  fins  are  yellowish  on  the  back  and  silvery 
white  on  the  belly.     There  are  very  sintiilar  fish  on  the  American  side  of  the  Pacific  and  in  the 
Australian  area  and  by  some  scholars  they  are  considered  to  be  the  same  species,   but  it  is  said 
that  the  dorsal  finlets  are  blue,    a  characteristic  which  is  indicated  by  the  name  bluefin. 

The  flesh  is  dark  red  with  something  of  a  blackish  tinge.      The  flesh  of  the  belly  con- 
tains a  great  deal  of  fat,    causing  its  color  to  vary  in  different  parts  from  the  white-spotted 
so-called  "middle  belly  meat"  to  the  almost  pure  white  "great  belly  meat."     This  part  of  the 
flesh  is  prized  as  material  for  sliced  raw  fish  and  rice  balls  garnished  with  fish.     This  species 
is  delicious  during  the  winter,    but  fish  taken  in  the  summer  are  poor  eating,    except  for  the  small 
specimens.     This  is  related  to  the  spawning  season  of  these  fish,    the  fish  being  fat  and  well- 
flavored  before  spawning  but  lean  and  tasteless  in-imediately  after  spawning.     It  is  said  that  they 
spawn  in  Japanese  waters  around  June  and  July.      The  fish  taken  during  the  summer  from  the 
waters  off  northeastern  Japan  and  the  coast  of  Hokkaido  are  fish  that  have  already  spawned. 
These  are  called  Sendai  tuna  and  are  regarded  as  inferior  fish. 

This   species  can  withstand  low  temperatures  better  than  any  of  the  other  tunas,    and 
because  it  has  the  characteristic  of  coming  connpar atively  close  into  shore,    it  is  taken  with  sta- 
tionary gear.     As  far  as  is  known  at  present,   the  southern  limit  of  its  distribution  is  in  the  vi- 
cinity of  15     N.    latitude  on  the  east  coast  of  the  island  of  Luzon.     It  is  not  clear  whether  it  occurs 
farther  to  the  south,    but  it  is  though^  that  its  range  probably  extends  south  of  the  Equator.     Until 
recent  years  it  was  believed  that  the  southern  limit  of  the  distribution  of  this  species  was  in  the 
vicinity  of  30     N.   latitude,    however,    this  fish  began  to  be  taken  in  Formosa  in  1935  and  before 
the  war  its  annual  production  there  reached  a  value  of   1,  500,  000    ye"-      The  northern  limit  of 
distribution  is  around  45     N.   latitude.     In  the  western  Pacific  during  the  winter  there  are  some 
catches  of  this  species  over  an  extensive  area  fronn  east  to  west  in  the  vicinity  of  30     N.   latitude. 
Before  the  war  splendid  catches  were  made  in  January  and  February  to  the  south  of  Kyushu,  but 
this  fishery  has  completely  died  out  in  recent  years.      The  schools  which  appear  to  the  south  of 
Kyushu   moved  to  the  northeast  as  it  grew  warmer,    and  a  part  of  them  followed  the  Tsushima 
Current  into  the  Sea  of  Japan. 

32 


These  fish  are  frequently  seen  to  leap  into  the  air.     When  they  are  hooked  they  make 
one  deep  dive  with  trennendous   strength,    and  it  not  rarely  happens  that  they  break  the  branch 
line  or  drag  a  glass  ball  float  of  30  centinneters  diameter  so  deep  that  it  is  crushed  by  water 
pressure. 

2.  Albacore,    Germo  germo    (Lacepede) 

This  fish  is  called  both  binnaga  and  bincho  and  in  western  Japan  it  is  generally  called 
tonbo  or  tonboshibi.  It  is  snnall  for  a  tuna,  specimens  of  about  100  centimeters  long  jind  30  kilo- 
grams in  weight  being  considered  large. 

A  peculiar  characteristic  of  this  species  is  the  long  pectorail  fins,  the  tips  of  which 
reach  back  beyond  the  base  of  the  second  dorsal.  The  back  is  blue-black  in  color  and  the  belly 
is  silvery-white. 

The  color  of  the  flesh  is  pale  pink,    almost  white,    and  the  flesh  is  extremely  soft, 
making  it  rather  unsuitable  for  consumption  as  sliced  raw  fish.     When  it  is  cooked,    it  does  not 
become  hard  as  the  other  tunas  do,    and  as  the  flavor  is  said  to  resemble  chicken,  it  is  highly 
prized  by  Americans,    who  call  it  the  "chicken  of  the  sea.  "     Before  the  war  this  species  was  ex- 
ported in  large  quantities  canned  in  oil.     The  center  of  this  cainning  industry  was  in  Shizuoka 
Prefecture.     Besides  this  canned  fish,    rather  large  quantities  of  fresh  fish  were  exported  as  raw 
material  for  canning.     Even  today  after  the  war,   the  demand  from  America  appears   to  be  rather 
great. 

o 

This  is  a  very  widely  distributed  species,    ranging  from  the  Equator  to  about  45     N. 

amd  S.   latitudes.     The  center  of  their  distribution  in  the  North  Pacific,    however,    appears  to  be 
between  30     and  40     N.   latitude.      They  are  abundant  in  Japanese  waters   and  are  taken  in  large 
numbers  by  skipjack  boats  fishing  with  live  bait  in  the  summer.     From  December  to  March,    they 
are  taken  over  an  extremely  broad  area  centered  around  30     N.    latitude,    principally  by  longline?. 

Some  scholars  think  that  the  albacore  of  Japanese  waters,    of  the  Southern  Hemis- 
phere,   of  the  Indian  Ocean,    cind  of  the  Atleintic  Ocean  are  all  the  same  species.     In  view  of  their 
distribution,    this  opinion  may  be  thought  reasonable,   but  the  ultimate  decision  remains  to  be 
made  in  the  future. 

3.  Bigeye  tuna,    Parathunnus  sibi    (Temminck  and  Schlegel)  =  Parathunnus  mebachi  (Kishinouye) 

This  fish  is  also  called  bachi,    darumashibi,    and  mebachi.   Among  the  tunas  it  is  the 
next  largest  to  the  black  tuna,    attaining  a  length  of  about  2  meters   and  a  weight  of  about  150 
kilograms. 

Characteristics  peculiar  to  this  tuna  are  the  stout  body,    the  short  tail  portion  (from 
the  vent  back),    and  the  large  head  and  eyes.      The  najne  darumashibi    applies  chiefly  to  immature 
fish,   the  thick,    chunky  body  probably  being  reminiscent  of  a  statue  of  Daruma,     The  pectoral 
fins   are  long,   their  tips  reaching  to  a  point  roughly  below  the  insertion  of  the  second  dorsal.      The 
back  is  bluish  black  and  the  belly  is  white. 

The  flesh  has  a  rather  pale  but  beautiful  red  color.     When  it  is  served  as  sliced  raw 
fish,    the  flavor  is  not  considered  particularly  good,   but  it  is  at  its  best  in  the  spring  and  autunnn. 
The  fact  that  the  flesh  is  somewhat  soft  is  considered  a  defect.      Besides  being  eaten  fresh,    it  is 
utilized  along  with  yellowfin  for  canning. 

The  species  has  not  yet  been  reported  from  the  Sea  of  Japam,  but  it  has  a  very  wide 
distribution.  It  is  an  interesting  fact  that  this  species  has  no  clearly  apparent  focus  tp  its  dis- 
tribution,   being  tjiken  in  about  equal  abundance  everywhere  from  0     to  40     N.     The  trends  of  the 
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catch  rates  are  not  correlated  with  latitude,    but  they  appear  to  improve  toward  the  center  of  the 
Pacific.     In  the  overall  picture  the  bigeye  is  taken  at  a  rate  of  about  0.5  fish  per  hundred  hooks. 
The  species  appears  to  be  most  abundant  in  Japanese  waters  from  September  to  December.     It 
generally  prefers  to  live  at  deep  levels,    however,    it  is  not  yet  known  with  certainty  exactly  what 
depth  it  prefers.     As  it  has  the  habit  of  coming  into  the  surface  levels  at  night,    it  is   sometimes 
taken  in  drift  nets  and  it  is  said  that  this  occurs  particularly  often  on  nrioonlight  nights.     These 
fish  tend  to  be  somewhat  more  abundant  in  tropical  seas,    and  in  both  the  Pacific  Ocean  jind  Indian 
Ocean  areas  they  are  taken  in  the  proportion  of  about   10  percent  of  the  yellowfin  catch. 

4.  Yellowfin  tuna,    Neothunnus  macropterus  (Temminck  and  Schlegel) 

This  fish  is  also  called  gesunaga,    hirenaga,   kibire,    and  itoshibi.     In  the  southern 
Kyushu  area  when  the  word  shibiis  used,   this  species  is  meant.     Jordan  distinguished  the  yellow- 
fin and  the  itoshibi,    giving  to  the  latter  the  scientific  name  Neothunnus  itosibi,    but  this  is  thought 
to  have  been  clearly  a  mistaken  interpretation  of  the  characteristic  morphological  chjinges  which 
accompamy  growth  in  this  fish. 

Yellowfin  are  generally  somewhat  snnaller  than  bigeye  tuna,    attaining  a  length  of 
about  2  meters  and  a  weight  of  around  70  kilograms. 

A  characteristic  of  this  fish  is  the  length  of  the  caudal  portion,    that  is  the  part  of  the 
fish  behind  the  vent.     In  nriature  fish  the  second  dorsal  and  anal  fins  are  remarkably  elongated. 
The  names  hirenaga  and  itosibi    are  expressive  of  this  peculiarity.      These  fins  and  the  finlets 
which  follow  them  are  of  a  bright  yellow  color.     The  names  kihada  and  kibire    are  based  on  this 
characteristic.      The  pectoral  fins  are  rather  long,    reaching  to  a  point  slightly  back  of  the  inser- 
tion of  the  second  dorsal. 

The  color  of  the  flesh  is  a  rather  pale  red  which  looks  extraordinarily  bright  to  the 
eye.     In  western  Japan  this  fish  is  generally  more  highly  regarded  than  the  black  tuna.     When 
eaten  raw  the  flavor  is  rather  faint,   but  it  is  particularly  delicious  during  the  summer.     Besides 
being  consunned  fresh,    it  is  exported  canned  in  oil  and  the  scrap  meat  produced  by  the  canning 
operation  is  made  into  stew.     The  young  fish  are  frequently  taken  in  fixed  gear  or  by  pole  and 
line  and  are  manufactured  into  the  so-called  shibibushi  by  the  same  methods  used  in  making  dried 
skipjack  sticks. 

o 
The  range  of  distribution  extends  from  the  Equator  to  about  35     N.    latitude,   but  the 

areas  in  which  this  species  is  the  object  of  a  fishery  are  a  comparatively  narrow  belt  along  the 
Equator,    and  the  series  of  enclosed  waters  comprising  the  South  China,    Sulu,    and  Celebes  seas. 
The  yellowfin  become  more  abundant  in  the  North  Pacific  during  the  summer,    and  are  most 
numerous  in  the  waters  of  the  Ogasawsira  Islands  from  June  to  July  and  in  November.     At  that 
time  they  are  caught  at  a  rate  of  about  1.5  fish  per  hundred  hooks.     They  are  taken,   though  ex- 
tremely rarely,    in  the  Sea  of  Japan. 

5.  Koshinaga,    Kishinoella  rara  (Kishinouye) 

Northern  bluefin  (Australia). 

This  fish  is  also  called  bintsuke.     In  Formosa  it  was  called  the  seiban   maguro.      This 
is  the  smallest  of  the  tunas,    fish  of  about  70  centimeters  long  and  weighing  about  7  kilograms 
being  already  mature.     Dr.    Kishinouye  placed  this  fish  in  the  same  genus  with  the  yellowfin  tuna, 
but  it  is  given  here  as  Kishinoella  in  accordance  with  the  opinion  of  Jordan  and  Evermann,    who 
said  that  because  of  morphological  differences  it  should  be  placed  in  a  separate  genus.     According 
to  recently  received  reports,    K.   rara   is  a  synonym  of  the  northern  bluefin,   K.    tonggol,    which 
has  long  been  known  in  the  coastal  waters  of  Australia. 
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In  outer  appearance  this  fish  closely  resembles  young  yellowfin  and  is  difficult  to 
distinguish  from  them,    but  the  color  of  the  flesh  is  a  great  deal  paler  than  in  the  yellowfin,   being 
nearly  white.      The  back  is  bluish-black,    the  belly  is  greyish  white,    and  like  the  young  stages  of 
other  tunas,    it  has  oblique  rows  of  long  and  narrow  colorless  dots,   which  may  appear  grey  de- 
pending upon  the  angle  at  which  they  are  seen.     The  second  dorsal  and  the  anal  are  not  prolonged 
into  filaments.     The  finlets  are  yellow  as  in  the  yellowfin  but  are  edged  with  black.     The  pectoral 
fins  are  rather  long,    reaching  to  a  point  somewhat  behind  the  insertion  of  the  second  dorsal  fin. 

The  flesh  is  pale  red,    almost  white,    and  when  served  as  sliced  raw  fish,    it  has  a 
very  beautiful  appearance  and  a  very  fine  flavor.     It  is  particularly  delicious  during  the  summer. 
This  species  is  rare  in  Japan,    being  taken  by  trolling  during  the  winter  off  the  south  coast  of 
Kyushu.    It  is  a  great  deal  more  coastal  in  character  than  the  other  tunas,    and  is  common  in  the 
vicinity  of  small  islsinds  in  the  tropics  and  sub-tropics.     In  Formosa  it  is  taken  throughout  the 
year  by  trolling,    and  is  particularly  abundant  from  Februziry  to  March  and  around  August. 

The  above  five  species  are  all  of  the  tuncis  that  occur  in  Japanese  waters.     The 
koshinaga   is  entirely  without  significance  as  an  element  in  the  tuna  longline  catch. 

B.     Spearfishes 

As  with  the  tunas,    a  great  number  of  species  of  spearfishes  have  been  reported  from 
various  parts  of  the  world,    the  number  being  actually  in  excess  of  30  species.     It  is,    however, 
very  doubtful  whether  so  many  species  really  exist.      The  reason  that  such  a  large  number  of 
species  have  been  reported  is  probably  that  these  fish  are  difficult  to  study  and  there  has  been 
no  thorough  comparative  study    made. 

The  writer  has  some  new  opinions  considering  the  classification  of  the  spearfishes, 
but  as  these  will  be  published  elsewhere,    the  notes  given  here  are  based  on  the  hitherto  accepted 
classification. 

1.     Shortnosed  spearfish,    Tetrapturus  angustirostris  (Tanaka) 

?     angustirostris  =  belone  =  brevirostris 

This  fish  is  also  called  sanmakajiki.     It  is  the  smallest  of  the  spearfishes  and  rarely 
surpasses  a  length  of  about  2  meters  and  a  weight  of  about  20  kilogranns.     It  is  easily  distin- 
guished fronn  other  species  by  such  remarkable  characteristics  as  the  shortness  of  its  lanceolate 
upper  jaw,   the  height  of  the  central  portion  of  its  dorsal  fin,    and  the  absence  of  markings  on  the 
sides  of  its  slender  body. 

The  flesh  is  of  the  so-called  "spearfish  color"  but  rather  pale,    and  although  it  has  a 
beautiful  appearance  when  served  as  sliced  raw  fish,    it  is  lacking  in  fat  and  is  not  very  well 
flavored. 

This  is  a  remarkably  pelagic  species,    and  it  appears  not  to  occur  in  coastal  nor  in 
enclosed  seas.     In  Japanese  waters  it  occurs  in  the  open  sea  south  of  35     N.    latitude,    but  its 
density  of  distribution  is  not  very  high.     It  occurs  rather  densely  in  the  waters  east  of  Formosa 
amd  the  Philippines  from  Novennber  to  January,    at  which  season  it  spawns.     Up  to  the  present  it 
has  not  been  of  great  importcince  to  the  fishery.     The  name  angustirostris  was  given  to  this 
species  by  Dr.   Shigeo  Tanaka,    however,    this  is  probably  the  same  species  as  that  reported  fronn 
the  Atlantic  Ocean  under  the  name  of  belone    and  from  the  Indian  Ocean  as  brevirostris. 
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2.  Sailfish,    Istiophorus  orientalis  (Temminck  and  Schlegel) 

Umbrella  spearfish  (Formosa). 

This  species  is  also  called  nairagi,    norage,    baren,    and  sugiyama.    It  attains  a  length 
of  about  3  meters  and  a  weight  of  about  60  kilograms.     The  spearshaped  upper  jaw  is  compara- 
tively long  and  the  developnnent  of  the  ventral  fins  is  also  remarkable.     The  body  is  notably  com- 
pressed laterally  and  elongated  and  there  are  between  10  and  20  transverse  bands  formed  of 
cobalt  colored  spots  on  the  sides  of  the  body.     The  most  remarkable  characteristic  is  the  very 
great  development  of  the  first  dorsal  fin.     Most  of  the  names  for  this  fish  are  based  on  this 
character. 

The  flesh  is  rather  dark  pink,    inferior  in  appearance  to  other  species,    and  the  flavor 
also  appears  inferior.     It  is,    however,    very  well  flavored  at  some  seasons,   particularly  from 
April  to  June. 

The  sailfish  occurs  throughout  the  year  comparatively  close  to  islands  in  warm  seas, 
and  it  appears  in  Japanese  waters  in  the  sunnmer.     It  spawns  in  Formosan  waters  from  April  to 
August.     The  juvenile  fish  differ  greatly  in  appearance  from  the  adults,    and  have  conspicuous 
spines  on  their  heads. 

The  spearfishes,    when  they  are  hooked,    generally  make  a  series  of  leaps  into  the  air, 
after  which  they  struggle  at  the  surface  attempting  to  flee  in  a  horizontal  direction  so  that  they 
tangle  the  lines  and  are  very  troublesome.     They  also  have  the  habit  of  swimming  at  the  surface 
with  the  upper  lobe  of  the  caudal  fin  and  sometimes  a  part  of  the  dorsal  fin  exposed.     This  habit 
is  utilized  by  the  harpoon  fishery  which  is  carried  on  at  a  number  of  widely  separated  places. 

3.  Striped  marlin,    Makaira  mitsukurii  (Jordan  and  Snyder) 

Spearfish  or   Blue-marlin  (?)  (America). 

Red-fleshed  spearfish  (Formosa). 

This  species  is  sometimes  called  akakajiki  (red  marlin)  to  contrast  it  with  the  white 
marlin  and  black  marlin.     It  is  not  very  large  for  a  spearfish,   but  it  does  attain  a  length  of 
about  2.  5  meters  and  a  weight  of  around  120  kilograms. 

The  body  is  elongated  ajid  strongly  compressed  laterally  with  between  10  and  20  trans- 
verse bars  on  its  sides  formed  by  assemblages  of  cobalt  spots.     The  third  to  fifth  spines  of  the 
first  dorsal  fin  are  the  highest,   the  height  exceeding  the  body  depth.     The  upper  jaw  is  longer  in 
proportion  to  the  lower  jaw  than  in  other  species  of  spearfish. 

The  flesh  is  a  beautiful  pale  red  color,  the  so-called  "spearfish  color,"  and  both  its 
appearance  and  its  flavor  are  considered  very  good  when  it  is  served  raw.  The  price  is  conse- 
quently high. 

These  fish  are  always  present  in  warm  seas.     They  are  quite  pelagic  in  nature  and 
appear  to  be  teiken  in  rather  large  numbers  in  the  vicinity  of  small  islands  in  the  open  ocean.     In 
the  Ogasawara  Islands  area  they  are  most  abundant  from  May  to  July,    and  they  appear  to  range 
north  to  the  vicinity  of  40     N.    latitude.      In  Formosan  waters  the  catch  of  this  species  begins 
gradually  to  increase  in  January  and  is  at  its  peak  in  May  at  which  time  the  fish  spawn.     They  ap- 
pear to  move  north  along  the  continental  side  of  the  Kuroshio  and  are  rather  abundant  on  the  East 
China  Sea  side  of  the  Okinawa  archipelago.     They  also  appear  in  the  Tsushima  Strait  area  and 
some  of  them  seem  to  enter  the  southern  part  of  the  Sea  of  Japan. 
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4.  White  marlin,    Makaira  mar  Una  (Jordan  and  Hubbs) 

Black  marlin  (America). 

Standing-wing  apearfish  (Formosa). 

This  fish  is  also  known  as  the  shirokawa  kajiki,    shiro,    and  katahari.     This  is  the 
largest  of  all  the  tunas  and  spearfishes,    the  biggest  specimen  the  writer  ever  encountered  in  his 
studies  having  been  slightly  less  than  4  meters  in  length  and  564  kilograms  in  weight.     According 
to  the  fishermen,   there  are  records  of  even  larger  specimens  having  been  taken. 

The  body  depth  is  great,    and  that  portion  of  the  body  forward  of  the  vent  is  strongly 
compressed  laterally.     The  part  of  the  body  anterior  to  the  insertion  of  the  first  dorsal  fin  rises 
up  sharply,    giving  rise  to  the  name  katahari  ("square  shoulders").     No  bands  of  cobalt  spots  can 
be  seen  on  the  sides  of  the  body.     The  structure  of  the  pectoral  fins  is  completely  different  from 
that  of  the  other  species,    and  as  these  fins  stand  out  at  approximately  right  angles  from  the  sides 
of  the  body,    this  fish  is  called  the  "standing-wing  spearfish"  in  the  Formosan  language.     In  all 
of  the  other  species  the  pectoral  fins  can  be  folded  in  along  the  sides  of  the  body,    but  the  white 
marlin  is  conspicuously  characterized  by  the  fact  that  this  cannot  be  done  without  destroying  the 
articulation  of  these  fins. 

The  color  of  the  flesh  appears  to  be  somewhat  lighter  than  that  of  the  striped  marlin. 
It  is  difficult  to  generalize  on  this  point  because  in  this  species,    as  in  others,    the  color  of  the 
flesh  appears  to  vary  somewhat  with  the  Area  and  the  season.     Both  the  appearance  and  the 
flavor  are  very  good  when  the  fish  is  served  sliced  raw.     It  is  especially  flavorful  when  there  is 
abundant  fat. 

These  fish  occur  throughout  the  year  in  warm  seas.     It  appears  that  their  distribution 
extends  to  rather  high  latitudes  and  the  northern  limit  of  their  distribution  in  Japanese  waters  is 
not  clearly  known.     In  the  southern  sea  areas  they  appear  to  be  particularly  abundant  in  such  en- 
closed waters  as  the  Celebes  Sea,    Sulu  Sea,    and  South  China  Sea,    and  it  seems  that  they  are 
generally  numerous  in  the  vicinity  of  islands.     In  Formosan  waters  they  are  taken  in  the  greatest 
numbers  on  the  South  China  Sea  side  from  October  to  December,    and  they  are  most  abundant  in 
the  Kuroshio  in  February  and  March.     In  the  East  China  Sea  in  general,    they  are  taken  along  the 
100-fathom  line,    and  they  reach  the  Saishuto  (Quelpart  Island)  area. 

It  is  an  interesting  fact  that  there  is  a  marked  difference  in  size  between  the  sexes, 
the  males  being  generally  small  and  the  females  large.     The  males  reach  a  maximum  weight  of 
130  kilograms,    but  the  biggest  female  recorded  was   564  kilograms.     The  same  phenomenon  is 
seen  in  the  case  of  the  black  marlin,    as  will  be  noted  later,    but  in  this  case  the  males  attain 
weights  of  only  about  100  to   120  kilograms  and  all  fish  over  this  size  .are  fennales.     As  yet  no 
adequate  biological  explanation  can  be  given  for  this  phenomenon. 

5.  Black  marlin,    Makaira  mazara  (Jordan  and  Snyder) 

Crow-skin  spearfish  (Formosa). 

This  fish  is  also  called  kilro,   kurokawa,    and  genba.     It  is  not  clear  what  this  species 
is  called  in  the  United  States.      The  name  mazara  is  derived  from  the  name  mazaara  used  in  the 
BOshQ  region,    but  it  is  very  doubtful  whether  the  fish  reported  as  a  new  species  by  Jordan  ajid 
Snyder  was  a  black  marlin,    the  present  author  inclining  to  the  opinion  that  it  vas  not.     However, 
the  presently  accepted  name  mazara  will  be  employed  here. 

The  body  is  very  stout  with  the  lateral  compression  less  marked  than  in  other  spe- 
cies.     The  fish  looks  shorter  than  other  species.     There  are  from  10  to  20  transverse  bars  on 
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the  sides  of  the  body  made  up  of  cobalt  spots.     Scales  are  more  deciduous  than  in  other  species, 
and  where  they  come  off  the  body    is  a  brownish  color.     The  snout  tapers  sharply,    and  the  length 
of  the  upper  jaw  is  slightly  more  than  twice  that  of  the  lower  jaw.     The  lateral  line  is  extraordi- 
narily obscure,    but  when  carefully  examined  it  can  be  seen  to  be  not  simple  but  complexly 
branched,    a  characteristic  of  this  species. 

The  color  of  the  flesh  is  not  greatly  different  from  that  of  the  striped  marlin  or  the 
white  marlin,   but  this  species  generally  contains  more  fat,    and  those  taken  in  Formosa  from 
March  to  May  are  sometimes  called  "oily  spearfish.  "     The  flavor  is  considered  inferior  to  that 
of  the  striped  marlin,    but  this  depends  upon  the  season  jind  the  area,    and  those  taken  around 
April  and  May  make  extremely  delicious  sashimi. 

These  fish  are  particularly  abundant  in  the  open  seas  of  wajrm  latitudes,    and  they  ap- 
pear everywhere  in  the  North  Equatorial  Current.     In  the  coastal  waters  of  the  Ogasawara 
Islands  they  appear  aifter  the  striped  marlin.     They  range  farther  to  the  north,    but  the  northern 
limit  of  their  distribution  is  not  known.     In  the  southern  portion  of  the  Kuroshio,    that  is  off 
Fornnosa  and  the  Philippines,    they  gradually  increase  in  abundance  beginning  around  March  and 
reach  their  peak  around  August  and  Septennber.      This  does  not  differ  greatly  fronn  the  situation 
in  the  Ogasawara  area.     In  August  and  September  they  are  rather  abundant  in  waters  west  of 
Kyushu  and  the  vicinity  of  Saishuto  (Quelpart  Island).    They  spawn  east  of  Luzon  from  May  to  July. 

6,     Broadbill  swordfish,    Xiphias  gladius  (Linnaeus) 

Swordfish  (England-America). 

This  fish  belongs  to  a  different  family  from  the  spearfishes  listed  above.     It  is  also 
called  meka  and  tsun,    the  former  name  being  used  in  the  area  around  Tokyo  and  the  latter  being 
employed  in  Kyushu. 

The  upper  jaw  is  very  long,    being  more  than  7/10  of  the  length  of  the  body.     In  most 
of  the  spearfishes,   the  upper  jaw  is  slender  and  cylindrical,   but  in  this  species  it  has  the  form 
of  a  two-edged  sword.     A  remarkable  characteristic  of  this  fish  is  the  complete  absence  of  ven- 
tral fins,    of  which  there  is  not  even  a  trace.     It  also  differs  notably  in  outer  appearance  from 
the  other  spearfishes  in  that  there  are  no  scales,   both  jaws  are  without  teeth,    and  the  keels  on 
the  caudal  peduncles,    of  which  there  are  two  pairs  in  the  istiophorids,    are  single  in  this  species. 
The  back  is  bluish-black  with  a  leaden  cast,    and  the  belly  is  white,    but  the  fish  appears  to  have 
an  all-over  yellowish-brown  cast.     The  flesh  is  nearly  white,    soft,    very  oily,    and  not  particu- 
larly prized  as  sashimi.    It  is  however,   palatable  when  cooked  and  seasoned  and  is  greatly  liked 
by  Anne r leans. 

This  fish  has  a  wide  range  of  distribution  and  is  known  from  warm  seas  throughout 
the  world.     In  Japanese  waters,   it  is  abundant  off  northeastern  Japan  and  although  a  fish  of  tenn- 
perate  seas,    it  is  numerous  in  rather  high  latitudes.     It  is  taken  by  harpooning  and  by  the  long- 
line  fishery. 

In  addition  to  these  tunas  and  spearfishes,    the  tuna  longline  fishery  takes  cybitds, 
dolphin,    skipjack,    nnoonfish,    and  sharks.     Aside  from  the  sharks,    these  other  fishes  can  hardly 
be  said  to  be  important  in  ternns  of  numbers.     The  sharks  not  only  are  taken  in  large  numbers 
and  have  an  innportant  significance  as  part  of  the  catch,    but  they  also  demand  attention  as  pests 
which  damage  the  fish  caught  on  the  longlines.     Leaving  aside  this  purely  commercial   signifi- 
cance,  they  are  worthy  of  considerable  attention  from  the  biological  standpoint. 
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C.     Sharks 

There  are  a  great  many  species  of  sharks,   but  among  them  the  following   10  or  so 
species  have  an  especially  close  connection  with  the  tuna  longline  fishery. 

Differences  can  be  detected  in  the  habits  of  these  various   species.     Some  of  them 
have  a  distribution  and  a  migrational  habit  resembling  that  of  the  yellowfin,    while  others  move 
in  a  way  resembling  some  of  the  spearfisnes.     In  some  cases  their  migrations  precede  and  in 
others  they  follow  those  of  the  tunas  and  spearfishes.     As  almost  nothing  is  known  as  yet  of  these 
relationships,    it  is  far  from  the  stage  of  practical  application,   but  if  thorough  studies  are  made, 
it  may  be  thought  that  there  is  ample  possibility  of  using  these  sharks  as  indicators  of  fishing 
grounds  and  fishing  seasons.     Hitherto,    there  have  been  no  studies  at  all  from  this  point  of  view, 
howfever,    but  in  the  future  this   sort  of  work  should  be  emphasized. 

1.  Aozame,    Isurus  glaucus   (Miiller  and  Henle) 

Also  called  aoyagi,    iragi,    and  shibibuka. 

The  body  is  spindle-shaped,    and  the  snout  is  pointed  and  equipped  with  sharp  teeth. 
It  reaches  a  length  of  about  4  meters.     The  back  is  a  deep  indigo  blue  and  the  belly  is  white. 
This  fish  occurs  widely  in  warm  seas  south  of  central  Japan,   but  is  not  abundant.     The  skin  is 
said  to  be  the  best  for  leather  of  any  shark  skin. 

2.  Rakudazctme,    Isurus  nasus   (Bonnaterre) 

Also  called  moka  and  nezumizame.    This  fish  is  stouter  than  the  aozame.     Whereas 
the  aozame    is  a  warm-water  species,    this  species  prefers  cold  waters  and  is  numerous  from 
northeastern  Japan  northward.     In  northeastern  Honshu  a  longline  fishery  has  developed  which 
has  this  shsirk  as  its  special  object.     This   is  the  so-called  mokanawa. 

3.  Hachiware,   Alopias  profundus   (Nakamura) 

Foxshark  or  thresher  shark  (Engljind). 

This  is  one  of  the  thresher  shark  family  and  its  caudal  fin  is  broad  and  equal  in 
length  to  the  rest  of  the  body.  The  eyes  are  large  and  of  the  shape  of  a  gourd  turned  upside 
down.     This  shark  attains  a  length  of  more  than  4  meters  and  inhabits  warm  seas. 

4.  Onagazeime,    Alopias  pelagicus  (Nakamura) 

Foxshark  (England). 

This  shark  resembles  the  preceding  species,    but  its  caudal  fin  is  longer  than  the 
rest  of  the  body  eind  narrow.     The    eyes    are  small  and  of  a  green-gray  color  whereas  in  the 
preceding  species  the  eyes  are  of  a  blackish-gray  color.     This  species  is  widely  and  generally 
distributed  in  warm  seas.      Both  species   attain  a  length  of  about  4  meters.     It  appears  that  there 
is  yet  another  very  similar  species  but  little  is  known  of  it  at  present. 

5.  Itachizame,    Galeocerdo  ctrcticus   (Faber) 

There  are  brown  markings  on  the  body.     Large  specimens  attain  a  length  of  3  meters. 
This  is  a  very  widely  distributed  shark,    ranging  from  the  Equator  to  the  vicinity  of  80     N.    and  S. 
latitude.     It  is  generally  most  abundant  in  the  vicinity  of  islands  and  often  eats  gulls  and  other 
water  birds,   for  which  reason  it  is  called  the  "bird  shark"  in  Formosan  Chinese.     It  is  an  extra- 
ordinarily voracious  animal,    and  humjin  bones  and  so  forth  are  found  from  time  to  time  in  its 
stomach. 
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6.  Dotabuka,   Carcharinus  brachyurus  (Gunther) 

This  shark  will  grow  to  a  length  of  about  E  -  2.  5  meters.     The  first  dorsal  fin  is 
notably  small  and  is  located  mid-way  between  the  snout  and  the  caudad  peduncle.     The  second 
dorsal  fin  is  smaller  than  the  second  anal  fin  and  is  located  diametric 2illy  opposite  it.     The  snout 
is  blunt.     This  is  one  of  the  species  of  sharks  commonly  seen  in  warm  seas. 

7.  Yashibuka,    Carcharinus  sp.    (gangeticus  ?) 

This  shark  resembles  the  preceding  one  but  can  easily  be  distinguished  by  its  re- 
markably large  first  dorsal  fin.     This  fin  is  the  best  for  making  dried  shark  fins  used  in  Chinese 
cooking  and  is  of  high  value.    This  species  is  abundant  in  warm  seas.     They  are  particularly  nu- 
merous in  the  waters  east  of  Formosa  in  February  and  March. 

8.  Mejirozame,    Carcharinus  japonicus   (Temminck  and  Schlegel) 

Characteristics  peculiar  to  this  species  are  the  small  eyes  and  gill  openings.      They 
are  said  to  be  very  abundant  in  Japanese  waters,    but  it  is  doubtful  whether  all  the  sharks  to  which 
the  name  mejirozame    is   applied  are  of  the  same  species.      It  is  thought  that  there  is  need  for 
further  study  on  this  point. 

9.  Tsumaguro,    Carcharinus  melanopterus  (Quoy  and  Gcdmard) 

Particularly  outstanding  characteristics  of  this  shark  are  the  intensely  black  tips 
and  edges  of  all  the  fins.     It  attains  a  length  of  2  -  2.  5  meters.     As  it  is  abundant  in  southern 
seas,   it  is  taken  in  rather  large  qucintities.     These  sharks  appear  to  be  particularly  numerous 
in  the  South  China  Sea  area. 

10.  Tsumajiro,   Carcharinus  albimarginatus   (Riippell) 

This  species  is  distinguished  by  the  white  tips  and  edges  on  all  of  its  fins.     It  does 
not  grow  very  large,   the  maximum  size  being  about  2  meters  long  juid  30  kilograms  in  weight. 
This  species  is  very  commonly  seen  in  warm  seas.     There  is  another  separate  species  called 
the  yogorebuka  or  baka,  but  it  is  not  yet  well  known  biologically.     In  this  species  the  tip  of  each 
fin  has  cloud-like  irregulctr  white  spots. 

11.  Shumokuzanne,    Sphyrna  zygaena  (Linnaeus) 

The  head  is  in  the  form  of  a  wooden  mallet  with  the  eyes  on  the  tips.     In  western 
Japan  it  is  generally  called  kasebuka  or  kase.    One  species  occurs  in  Japanese  waters,    but  three 
species  have  been  reported  from  the  south.     It  is  wondered  whether  those  occurring  in  Japanese 
waters  should  not  also  be  separated  into  three  distinct  species. 

V.     Fishing  Grounds 

As  has  been  stated  earlier,    the  fishine  grounds  of  the  tuna  longline  fishery  are  lo- 
cated within  the  area  from  the  Equator  to  about  40  to  45     N.    latitude  in  the  open  sea  and  in 
coastal  waters  facing  on  warm  currents.     We  do  not  as  yet  have  adequate  data  concerning  the 
situation  in  the  Southern  Hemisphere  and  therefore  know  little  about  it,    but  it  may  naturally  be 
supposed  not  to  be  greatly  different  fronn  that  of  the  Northern  Hennisphere.      The  occurrence  of 
many  species  of  tuna  ajid  spearfish  has  been  reported  fronn  Australia  and  the  New  Guinea  area. 
It  appears  that  recently  tuna  fisheries  are  being  developed  in  that  region. 

Until  recent  years  tuna  fishing  grounds  were  limited  to  coastal  waters  and  to  the  vi- 
cinity of  islands  and  shoals  (enninences  in  the  sea  floor)  scattered  throughout  the  open  sea.     This 
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was  partly  because  the  fishes  sought  after  are  abundant  in  waters  having  this  topography,  but  it 
was  also  due  to  the  impossibility  of  operating  in  the  open  sea  without  landmarks  when  the  capa- 
bilities of  the  fishing  vessels  and  the  navigational  arts  of  the  fishermen  were  so  inadequate. 

The  abundance  of  fish  in  the  vicinity  of  oceanic  islands  and  shoals  is  explained  prin- 
cipally from  the  point  of  view  of  the  food   supply  as  the  sea  waters  are  stirred  up  in  the  vicinity 
of  such  places  enriching  the  surface  layers  with  nutrient  salts  from  the  rich,    deep  layers  and 
promoting  the  growth  of  plankton  while  gyrals  concentrate  the  small  animals  which  serve  as 
food  for  the  tunas.     There  is  still  room  for  doubt  as  to  whether  or  not  this  sort  of  explanation 
exhausts  the  subject,   but  at  any  rate  the  tunas  are  observed  to  remain  during  certain  periods  of 
time  in  the  vicinity  of  such  topographical  features.     This  phenomenon  is  called   "setsuki"     ^j^j 
such  fishing  grounds  are  called  setsuki  or   shoal  fishing  grounds.     On  such  fishing  grounds  fish 
are  Jilways  comparatively  abundant,    offering  superior  conditions  for  fishing. 

Formerly  there  was  a  time  when  it  was  believed  that  such  topography  was  probably 
essential  to  the  development  of  tuna  fishing  grounds  and  at  that  time  explorations  for  new  fishing 
grounds  meant  a  search  for  islands  and  shoals.     In  recent  years  with  the  progress  of  the  ship- 
building art  and  the  improvement  of  navigational  techniques,    fishing  grounds  have  been  very 
rapidly  extended  and  the  foregoing  concept  has  been  completely  abandoned  as  it  has  come  to  be 
realized  that  any  place  in  the  ocean  can  become  a  fishing  ground  if  one  succeeds  in  intercepting 
the  route  of  migration  of  the  schools.     The  mid-Pacific  albacore  grounds  are  a  good  example. 

Under  the  heading  "General  Outline  of  Fishing  Grounds  and  Fishing  Seasons"  a  brief 
account  was  given  of  the  fishing  grounds  in  Japainese  waters.     In  the  present  section  the  Indian 
Ocean  and  the  Pacific  Ocean  will  be  divided  into  a  number  of  areas  each  of  which  will  be  des- 
cribed in  terms  of  its  characteristics  and  significance  as   a  fishing  ground. 

The  data  used  here  are  all  the  results  of  the  work  of  research  vessels.     The  data 
gathered  by  ordinary  commercial  fishing  vessels  have  many  shortcomings  and  there  are  grave 
doubts  concerning  their  reliability.     For  this  reason,    I  have  decided  to  use  none  of  them.     I 
understand  to  some  extent  the  feeling  of  the  commercial  fishermen  in  not  wanting  to  inform  others 
of  their  good  fishing  grounds,   but  it  goes  without    saying   that  this  attitude  is  extremely  disadvan- 
tageous as  an  obstacle  to     the     mutual  interchange  of  knowledge  and  experience.     The  interchange 
of  accurate  data  is  desirable  both  for  the  present  mutual  profit  of  persons  engaged  in  the  fishery 
and  for  the  healthy  development  of  the  industry. 

Some   of    the  data  gathered  by  research  vessels  have  been  lost.     In  others  there  are 
imperfections  Jind  doubtful  points,   which  in  most  cases  have  not  been  corrected  despite  the  pas- 
sage of  tinne  since  they  were  gathered,    and  from  these  points  of  view  I  have  found  not  a  few  occa- 
sions for  dissatisfaction.     Furthermore,    because  the  distribution  of  the  data  by  area  cind  by  sea- 
son has  been  extremely  uneven,    it  has  been  almost  impossible  to  find  out  the  changes  in  the 
fishing  seasons  and  the  movements  of  the  schools  throughout  the  year  for  all  the  fishing  grounds. 
It  is  believed  that  the  reason  for  this  is  to  be  found  in  the  defects  in  the  systemi  which  has  opera- 
ted hitherto.     That  is,    each  research  vessel  has,    in  addition  to  the  duty  of  providing  guidance  for 
the  fishing  vessels  from  its  locality,    had  to  bear  the  burden  of  a  very  heavy  income  budget.     For 
this  reason,   they  have  carried  out  their  obligations  to  the  income  budget  rather  than  try  to  attain 
the  basic  purposes  of  a  research  vessel,    and  have  all  striven  to  fish  on  the  same  grounds  at  the 
season  when  they  could  auiticipate  sure  catches. 

It  is  highly  regrettable  that  this  situation  has  not  only  not  been  completely  corrected 
at  present,   but  in  fact  has  rather  been  aggravated.     This  fact  should  give  an  important  sugges- 
tion concerning  the  proper  management  of  fisheries  research  activities.     The  objectives  of  the 
study  of  ocecinic  resources  cannot  be  attained  by  having  each  research  vessel  operate  in  accord- 
ance with  its  own  particular  opinions  and  with  the  main  objective  of  catching  fish.     However,   the 
execution  of  a  research  program  based  on  a  coordinated  plan  for  the  disposition  of  the  vessels 
and  ignoring  the  question  of  income  would  require  a  great  deal  of  money  and  would  be  completely 
impossible  to  a  weak  economy. 
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What  has  been  said  here  does  not  nnean  of  course  that  the  work  of  research  vessels 
in  the  past  was  completely  without  significance.     As  will  be  set  forth  in  the  following,    it  is 
possible  in  some  degree  to  learn  the  characteristics  of  the  various  fishing  grounds.     It    has, 
however,    been  possible  to  learn  only  very  little  concerning  the  movements  of  the  schools  and  the 
accompanying  changes  in  fishing  grounds  and  fishing  seasons,    questions  which  it  was  hoped  at 
first  would  be  clarified  by  this   study. 

A.     Indian  Ocean  Region 

The  waters  to  the  south  and  west  of  the  Greater  and  Lesser  Sunda  archipelagos  will 
be  described  as  the  Indian  Ocean  Region.      Almost  all  of  the  data  for  this  area  were  gathered  by 
the  training  ship  Hakuyo  Maru  of  the  Fisheries  Institute  of  the  Ministry  of  Agriculture  and 
Forestry  and  the  research  vessel  Haruna  Maru  of  the  Fisheries  Bureau    of  the  Ministry  of 
Agriculture  and  Commerce.      In  addition  the  fisheries  research  vessel  Shonan  Maru,    of  the  form- 
er Formosa  Government-General  smd  the  nnothership-type  tuna  fleet  of  the  Tobu  Fisheries 
Connpany  operated  experimentally  in  this  region.     There  is  also  a  snnall  amount  of  data  for  the 
area  from  the  research  vessel  Zuiho  Maru  of  the  South  SesiB  Government-General. 

It  appears  that  before  the  war  some   Japanese  fishermen  were  trolling  out  of 
Singapore,    but  there  was  no  real  tuna  fishery  operated  either  by  Japanese  or  by  the  natives  of 
the  region.     During  the  war  many  fishing  boats  operated  in  this   area  in  order  to  supply  food  for 
the  troops.     They  appear  to  have  been  fairly  successful,   but  they  left  no  records  at  all. 

Nothing  is  known  of  the  situation  since  the  war.     As  the  natives  have  no  knowledge  or 
experience  of  this  type  of  fishery,    it  cannot  be  thought  that  there  is  any  possibility  at  present  of 
their  operating  a  longline  fishery.     Consequently,    it  is  believed  that  these  waters  remain  almost 
completely  virgin  grounds  for  the  tuna  fishery.     However,    as  has  already  been  said,    it  appears 
that  a  start  has  already  been  made  in  Australia,    £uid  Ceylon  and  Pakistan  also  seenn  to  be  show- 
ing an  extraordinary  interest  in  fisheries,    so  the  waters  of  this  region  will  probably  be  devel- 
oped as  fishing  grounds  in  the  not  far  distant  future. 

This  region  has  been  subdivided  as  follows: 

1.  Waters  around  the  Andaman  and  Nicobar  islands. 

2.  The  west  coast  of  Sumatra. 

3.  Waters  around  Java. 

4.  Waters  around  the  Lesser  Sunda  archipelago  £ind  Timor. 

In  addition  to  these  four  areas,    the  HsikuyO  Maru  made  a  survey  in  the  vicinity  of 

4  N.   latitude,    75     E.   longitude,   but  as  the  data  were  few  they  have  been  onnitted  from  consid- 
eration. 

o  o  o  o 

1.     Waters  around  the  Andaman  and  Nicobar  islands  (6     to  15     N.,    90     to  97     E. ). 

As  we  have  very  few  data  concerning  oceanographic  conditions  in  this  sea  area,   their 
details  are  unknown.     In  this  region  the  year,  is  divided  into  two  seasons,    in  one  of  which  the 
northeast  winds  blow  continuously,    while  in  the  other  southwesterly  winds  prevail.      The  former 
corresponds  to  the   winter  of  the  Northern  Hemisphere  and  the  latter  to  the  summer.     These 
seasonal  changes  are  accompanied  by  marked  differences  in  oceanographic  conditions. 

The  currents  during  the  period  from  July   to  September  when  the  southwesterly  winds 
are  at  their  strongest  axe  roughly  as  follows.     There  is  a  current  which  flows  in  the  vicinity  of 

5  N.    and  this  current  divides  into  two  branches  to  the  west  of  the  northern  tip  of  Sumatra.     One 
branch  flows  to  the  southeast  along  the  west  coast  of  Sumatra;  the  other  flows  north-northeast 
along  both  sides  of  the  Nicobar  and  Andaman  archipelagos.     The  speed  of  these  currents  is 
about  0.  5  to   1  knot. 
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From  January  to  March,    when  the  northeasterly  winds  prevail,  the  ocejin  currents 
are  almost  completely  opposite  to  their  pattern  during  the  period  of   southwesterly  winds.     They 
flow  in  a  clockwise  direction  in  the  Bay  of  Bengal,    flow  south  along  the  islands,    and  turn  to  the 
westward  in  the  vicinity  of  the  northern  tip  of  Sumatra. 

As  we  have  no  data  for  the  season  of  southwesterly  winds,    it  is  impossible    to    explain 
the  situation  as  regards  water  temperatures  and  salinity.     Combining  the  data  for  the  period  from 
December  -  January,    it  is  indicated  that  the  surface  water  temperature  is  slightly  less  than 
28     C.  ,    the  temperature  at  the  50-meter  level  about  27.5      C,    at  100  meters  23   to  24     C.  ,    ind 
at  200  meters  about  14     C.      Tremsparency  shows  rather  low  values,    within  the  range  of  9  to  18 
meters.     The  water  color  is  generally  III  on  Forel's  scale. 

During  the  season  of  northeasterlies,    strong  winds  blow  from  time  to  time  and  it  is 
thought  that  it  would  sometinnes  be  difficult  for  small  vessels  to  operate.     However,    in  general, 
fine  weather  prevails  and  it  is  believed  that  weather  would  prove  no  obstacle  to  the  operation  of 
large  vessels.     As  the  season  of  southwesterly  winds  corresponds  to  the  rainy  season  in  this 
region,  there  are  nnany  squalls   and  typhoons  attack   the  region  from  time  to  tinne,    so  there  would 
probably  be  not  a  few  cases  in  which  the  weather  would  interfere  with  fishing  operations. 

In  the  investigations  of  the  Hakuyo  Maru  frozen  squid  were  used  as  bait,     frozen 
herring  and  squid  having  been  used  by  the  Haruna  Maru.     The  Hakuyo  Maru  adso  investigated 
local  bait  supplies  and  concluded  that  while  it  would  not  be  impossible,    it  would  be  extremely 
difficult  for  a  fishing  boat  to  obtain  its  own  supplies  of  bait  in   the  area. 

The  surveys  of  the  Hakuyo  Maru  and  the  Haruna  Maru  were  made  between  1930  and 
1933.     The  investigations  were  carried  on  only  during  December  and  January,    so  that    there  sire 
no  data  at  all  for  any  other  seasons  of  the  year.     Consequently  the  oceanographic   conditions  at 
other  times  are  completely  unknown.     Table  10  shows  the  fishing  conditions  revealed  by  these 
explorations.     The  figure  in  the  table  is  the  number  of  fish  captured  per  hundred  hooks  fished. 
This  will  be  referred  to  herezifter  as  the  catch  rate. 

Table   10. --Fishing  conditions  in  the  AndamaJi  and 
Nicobar  islands 


Number  of 
hooks  fished 

Yellowfin 

Bigeye 

Spearfishes 

Total 

Fish 

Catch  rate 

Fish 

Catch  rate 

Fish 

Catch  rate 

Fish 

Catch  rate 

17,  348 

1,  179 

6.80 

43 

0,25 

70 

0.40 

1,  292 

7.44 

The  combined  catch  rate  for  tunas  and  spearfishes  is  7.44,    indicating  a  rather 
superior  fishing  ground. 

As  for  the  composition  of  the  catch,   yellowfin  tuna  were  most  important,   being  more 
than  91  percent  of  the  total  tuna  and  spearfish  catch.      Bigeyed  tuna  were  slightly  more  than  3 
percent  and  spearfishes  slightly  less  than  5  percent.     If  these  values  are  compared  with  those  for 
other  sea  arceis,   they  indicate  that  at  the  season  when  the  survey  was  made,    the  catch  of  big- 
eyed  tuna  and  spearfishes  in  this  area  is  remarkably  low.     As  we  have  no  data,   we  know  abso- 
lutely nothing  of  the  fishing  conditions  and  the  composition  of  the  catch  at  other  seasons. 

Looking  at  the  variations  in  the  fishing  situation  by  areas,    it  is  clearly  indicated  that 
the  catch  rates  tend  to  be  high  in  the  south  and  low  in  th"  north.     On  the  other  hand,    a  trend  is 
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indicated  for  the  size  of  the  yellowfin  to  be  greater  in  the  north  jind  smaller  in  the  south.     In 
other  words,    in  the  south  the  catch  rate  is  high  but  the  fish  are  small,     while  in  the  north  the 
catch  rate  is  low  and  the  fish  are  large. 

Looking  at  the  changes  in  the  fishing  conditions  by  seasons,    within  the  period 
December- January  there  is  clearly  a  tendency  for  the  catch  rates  to  rise  gradually  with  the 
passage  of  time.     From  January  27  to  31,    1932,    the  catch  rates  of  the  Hakuyo  Maru  showed  an 
astonishingly  high  average  of  19.65,    and  on  the  27th  and  28th  of  January   1930, the  catch  rates 
were  also  high,    being   16.67  and  12.33  respectively. 

This  trend  of  increase  and  decrease  in  the  catch  rates  with  the  season  is  similar  to 
that  which  can  be  seen  in  the  waters  off  the  west  coast  of  Sumatra  which  adjoin  this  sea  area  to 
the  south,    and  therefore  can  be  thought  to  indicate  the  migrational  pattern  of  the  schools  in  the 
northeastern  part  of  the  Indian  Ocean.     As  will  be  detailed  later,    in  the  northern  part  of  the 
Sumatran  waters  the  catch  rates  gradually  increase  from  November  on,    showing  a  tendency  to 
a  continuing  increase  until  at  least  February. 

The  foregoing  is  a  general  outline  of  fishing  conditions  for  tunas  and  spearfishes. 
The  Hakuyo  Maru's  reports   contain  absolutely  no  records  concerning  sharks,    which  follow  these 
fishes  in  importance.     According  to  the  reports  of  the  Haruna  Maru,    the  catch  rate  for  sharks 
wjia   1.84.     This  means  that  at  that  season  sharks  were  taken  at  the  rate  of  about  2  for  every  100 
hooks  fished.     Daimage  to  the  catch  by  sharks   appeeirs  to  have  been  rather  great,    but  we  have  no 
detailed  information  on  it.     Miscellaneous  fish  mixed  in  with  the  catch  were  skipjack,    dolphin, 
and  cybiids,    but  they  were  few  in  number  and  of  little  significance. 

The  gear  used  by  the  Hakuyo  Maru  had  branch  lines  of  two  different  lengths,   the 
construction  being  as  follows: 

Type  of  branch  line         Number  of  branch  lines         Length  in  feet 


Long  branches 
Short  branches 


2 

4 


99 
30 


The  length  of  the  float  lines  was  90  feet.      The  following  table  shows  the  catch  made  by 
the  long  and  short  branch  lines  of  this  gear. 

Table   11.  --Fishing  results  by  type  of  branch  line 
(Hakuyo  Maru,   waters  of  Andaman  and 
Nicobar  islands) 


Date 

Long  branch  lines 

Short  branch  line^ 

Number 
of  fish 

Per- 
centage 

Number 
of    fish 

Per- 
centage 

Jan.    1931 
Dec.    1931 

81 
76 

71 
73 

32 

28 

29 
27 

The  percentage  figures  in  this  table  are  the  proportion 
of  the  total  catch  taken  by         each  type  of  branch  line. 


As  the  foregoing  table    shows,     the  long  branches  gave  nnuch  better  results  than  the 
short  branch  lines.     Indeed,   if  we  compare  the  number  of  hooks  actually  used  on  each  type  of 
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branch  line,   there  were  twice  as  many  short  branches  as  long  branches  used,    and  therefore  the 
catch  rate  of  the  long  branch  lines  was  from  5  to  6  times  greater  than  that  of  the  short  branch 
lines.     These  facts  indicate  that  short  branch  lines  are  much  less  suitable  than  long  ones  as  fish- 
ing gear  for  this  sea  area.     If  we  assunne  that  the  sunn  of  the  float  line  and  branch  line  lengths 
gives  the  depths  at  which  the  hooks  are  hanging,    the  depth  was   120  feet  in  the  case  of  the  short 
branches  and  189  feet  in  case  of  the  long  branches.     As  there  is  in  actuality  considerable  sag  in 
the  main  line,    the  positions  of  the  hooks  were  deeper  than  this.     The  problem  of  what  depth  gives 
the  best  catch  rates  cannot  be  settled  simply  by  this  sort  of  comparison  of  two  kinds  of  branch 
lines,   however,    in  view  of  the  length  of  these  long  branch  lines  it  is  believed  that  the  yellowfin 
swina  at  rather  deep  levels  in  this  sea  area. 

Because  of  the  lack  of  data  we  have  no  way  of  knowing  anything  about  seasonal 
changes  in  fishing  conditions,   but  it  is      at  any  rate  certain  that  this  is  a  rather   superior  fishing 
ground  from  December  to  January.     Judging  by  analogy  with  the  fishing  conditions  in  the  waters 
off  Sumatra,    it  is  probable  that  the  good  fishing  continues  through  February  and  that  the  fishing 
improves  with  the  passage  of  time  during  this  period. 

2.     West  coast  of  Sumatra  (6°  N.   to  8     S.  ,    90     to  105     E. ) 

Most  of  the  data  for  this  sea  area  are  from  the  operations  of  the  Haruna  Maru  and  the 
HakuyS  Maru.     In  addition  a  small  ajnount  of  data  has  been  reported  by  the  Shonan  Meiru.     These 
investigations  were  confined  to  waters  very  close  to  shore  and  the  situation  farther  offshore  is 
not  known. 

The  pattern  of  the  currents  is  roughly  as  follows.     During  the  period  from  July 
through  September,    when  southerly  winds  blow  continuously,    there  is  a  rather  strong   current 
flowing  eastward  at  5     N.   from  the  central  portion  of  the  Indian  Ocean,     The  current  divides  into 
two  branches  near  the  northern  end  of  this  sea  area,    one  branch  running  north  along  the  Nicobar 
and  Andannan  islands,    and  the  other  flowing  southeast  along  the  coast  of  Sumatra.     In  the  vicin- 
ity of  5     S.  ,    that  is  near  the  Sunda  Strait,    there  is  a  very  clear  current  boundary.     This  bound- 
ary extends  southwest  from  the  vicinity  of  Sunda  Strait,    and  from  around   100     E.   longitude  it 
runs  west  approximately  along  the  line  of  8     S.   latitude.    South   of  the  boundary  a  strong  current 
flows  west  from  the  waters  off  the  south  coast  of  Java  while  to  the  north  of  the  boundary  the 
current  flows  southeast  as  mentioned  before. 

From  January  through  March,    the  season  when  northerly  winds  prevail,    the 
pattern  of  the  currents  changes  completely.     At  this  season  a  current  boundary  appears  running 
east  and  west  along  the  Equator;  north  of  this  boundary,   the  currents  flow  northeast  and  south 
of  it  there  is  a  current  flowing  southeast  along  the  shores  of  Sumatra.     The  current  north  of  the 
Equator  turns  westward  in  the  vicinity  of  the  northern  extremity  of  this  sea  area  around  5     N. 
latitude  and  joins  the  current  flowing  south  along  the  Nicobar  Islands.     Another  conspicuous 
current  boundary  appears  around  the  southern  limits  of  this  sea  area.     This  boundary  runs  ap- 
proximately east  and  west  in  the  vicinity  of  8     to   1 0     S.    latitude,    and  on  its  south  side  the  cold 
current  flowing  up  the  west  coast  of  Australia  turns  to  the  westward.     Because  of  this  current, 
the  current  flowing  southeast  along  the  west  coast  of  Sumatra  is  pressed  against  the  coast  of 
Java,   forming  a  narrow  but  strong  flow  to  the  eastward.     During  the  season  of  northeasterly 
winds,    as  remarked  earlier,    this  sea  area  is  cut  off  from  adjacent  waters  by  conspicuous 
current  boundaries  at  its  north  in  the  vicinity  of  5     N.    latitude  and  to  the  south  in  the  vicinity  of 
8     S.    latitude.     There  is  another  current  boundary  at  about  the  center  of  the  area  near  the 
Equator.     The  line  of  this  boundary  runs  east  Eind  west  along  the  Equator,   turning  to  the  south- 
west in  the  vicinity  of  98     E.   longitude.     Accordingly,    this  sea  area  is  divided  into  a  number  of 
parts  having  currents  of  different  character. 

These  various  currents  appear  to  be  rather  strong,    and  according  to  the  reports  of 
the  Haruna  Maru,    speeds  of  2  to  3  knots  were  frequently  measured. 
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As  we  have  no  data  for  the  season  of  southerly  winds,    we  know  nothing  of 
oceanographic  conditions  at  that  tinne  of  the  year.     During  the  season  when  northerly  winds  pre- 
vail,  the  water  temperatures  are  in  general  higher  than  those  of  the  Nicobar  Islands  region,    with 
slightly  over  28     C.    at  the  surface,    slightly  less  than  28     C.    at  the  50-meter  level,    and  around 
24     to  25     C.    at  the   100-meter  level  on  the  average.     Higher  values  are  shown  for  transparency 


than  in  the  Nicobar  and  Andaman  islands  waters,    the  values  running  about  30  meters, 
water  color  is  in  most  cases  I  or  II  on  the  Forel  scale. 
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The  season  of  southerly  winds  corresponds  with  the  rainy  season  in  this  region  and 
there  are  many  squalls.     Wind  and  waves  are  generally  high  suid  typhoons  occur  from  time  to 
time.     It     is  thought  that  the  weather  will  interfere  frequently  with  fishing  operations.      This  sea 
area,    except  for  its  northern  extremity,    is  generally  calm  during  the  season  of  northerly  winds 
and  fishing  operations  are  usually  very  easily  carried  on. 

The  investigations  of  the  Haruna  Maru  and  the  Hakuyo  Maru  cover  the  period  from 
November  through  February.     The  data  from  the  Shonan  Maru  were  collected  in  August  in  the 
vicinity  of  the  Sunda  Strait.     It  is  said  that  the  mothership-type  operation  of  the  Tobu  Fisheries 
Company  also  entered  this  area,   but  as  there  are  no  data  from  this  venture  we  do  not  know  what 
conditions  they  found  there.     If  we  summarize  these  various  data  in  a  table,   the  fishing  con- 
ditions in  this  sea  area  may  be  shown  as  follows. 

Table   12.  --Fishing  conditions  off  the  west  coast 
of  Sumatra 


Number 

of  hooks 

used 

Yellowfin 

Bigeye 

Spearfishes 

Total  tunas  and 
spearfishes 

Total  sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 

rate 

Number 
of  fish 

Catch 
rate 

151, 508 

12, 904 

8.52 

1,  350 

0.89 

1,078 

0.71 

15, 332 

10.  12 

1,  530 

1.01 

As  the  table    shows,    the  combined  catch  rate  for  tunas  and  spearfishes  is  over   10, 
indicating  that  this   sea  area  is   an  extrennely  good  fishing  ground. 

Compared  with  the  waters  of  the  Andannan  and  Nicobar  islands  described  above,    the 
catch  rates  in  this  sea  area  are  conspicuously  higher.      Yellowfin,    bigeye  tuna,    and  spearfishes 
are  all  shown  to  be  more  abundant  in  this  area.      The  shark  catch  rate  on  the  other  hand  is 
lower.     The  table  shows  that  the  nnain  factor  in  the  greater  catch  rate  in  this  area  is  the  in- 
creased catch  of  yellowfin  tuna,    but    note  must  also  be  taken  of  the  remarkable  increase  in  the 
bigeye  catch. 

The  data  are  limited  to  the  period  from  November  through  February,  but  they 
afford  a  basis  for  considering  that  the  seasonal  changes  in  fishing  conditions  are  fairly  great. 
The  following  table  shows  the  catch  rates  for  each  species  grouped  by  months. 

Table   13  brings  together  data  from  investigations  covering  several  years.     It  may 
naturally  be  thought  that  there  is  a  certain  amount  of  variation  from  year  to  year,    however,    for 
the  period  from  November  through  February,    a  general  tendency  for  the  catch  rates  to  gradu- 
ally rise  with  the  passage  of  time  can  be  clearly  detected.     Data  for  the  season  of  southerly  winds 
are,    as  the  table  shows,   very  few  and  are  inadequate  as  a  basis  for  forming  any  sort  of  an 
opinion,   but  it  is  thought  that  some  catch  can  be  anticipated  at  this  season. 
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Table   13, --Fishing  conditions  by  months   (off  the  west 
coast  of  Sumatra) 


Month 

Number  of 

Yello 

wfin 

Bige 

ye 

Spearf 

shes 

Sharks 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

hooks  used 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Aug. 

300 

9 

3.00 

0 

0.00 

2 

0.66 

4 

1.  33 

Nov. 

7,800 

341 

4.  37 

65 

0.83 

31 

0.40 

40 

0.51 

Dec. 

51,488 

4,  540 

8.80 

575 

1.  12 

249 

0.48 

457 

0.89 

Jail. 

75, 568 

6,782 

8.98 

615 

0.81 

612 

0.81 

866 

1.  15 

Feb. 

16, 352 

1,  732 

10.  59 

95 

0.  58 

184 

1.13 

163 

1.00 

In  the  composition  of  the  catch,   the  yellowfin  are  overwhelmingly  predominant, 
amounting  to  84  percent  of  the  total  for  all  tunas  and  spearfishes.     Bigeye  tuna  are  slightly  less 
than  9  percent  sind  spearfishes  slightly  more  than    7    percent  of  the  catch,   these  proportions  rep- 
resenting a  conspicuous  increase  over  the  catch  of  the  species  in  the  Nicobar  region. 

The  seasonal  changes  in  the  catch  rates  for  the  various  species  are  as  shown  in  the 
foregoing  table.     The  bigeye  catch  rate  reaches  its  peak  in  December  and  thereafter  gradually 
declines.      Both  the  spearfishes  and  the  yellowfin  tuna  show  a  tendency  to  a  gradual  increase  with 
the  passage  of  time,    at  least  up  to  the  end  of  February.     The  sharks  in  general  exhibit  the  same 
trends  of  increase  and  decrease  as  the  yellowfin  and  spearfishes,    but  in  addition  to  the  seasonal 
changes  they  also  appear  to  vary  remarkably  from  one  area  to  another,    the  catch  rates  appearing 
to  be  larger  close  to  shore. 

Damage  to  the  catch  by  sharks  appears  on  the  whole  to  be    proportional  to  the  catch 
rate  of  sharks,    and  on  the  days  when  large  numbers  of  sharks  were  taken  the  damage  from  sharks 
was  also  great.     According  to  the  reports  of  the  Haruna  Maru,   the  maximum  shark  damage  was 
actually  40  percent.     This  high  rate  was  however  rather  exceptional  and  in  general  the  damage 
rate  was  about  10  percent. 

Considering  the  situation  in  the  various  parts  of  the  cirea,    it  appears  that  whereas  the 
fishing  conditions  north  of  the  Equator  were  comparatively  stable,    to  the  south  of  the  Equator  and 
particularly  in  the  waters  off  the  Sunda  Strait,    which  are  at  the  southern  limit  of  this  area,    the 
fluctuations  in  the  fishing  conditions  appear  to  have  been  extremely  pronounced. 

The  average  weight  of  the  fish  in  each  day's  yellowfin  catch  was  reported.      The  data 
indicate  that  the  majority  of  the  fish  taken  north  of  the  Equator  were  centered  around  35  kilograms. 
A  tendency  can  be  detected  for  the  fish  to  be  somewhat  smaller  to  the  southward  and  larger  to  the 
northward.     An  interesting  phenomenon  is  seen  in  the  fact  that  on  days  when  the  average  weight 
of  fhe  fish  was  around  35  kilograms,    the  catch  rates  were  genercilly  high  whereas  the  catch  rates 
declined  very  greatly  on  days  when  the  fish  were  much  larger  or  smailler  than  this.     According  to 
the  reports  of  the  Haruna  Maru,    very  .small  fish  of  10  to  20  kilograms  were  taken  on  one  or  two 
days  at  almost  regular  periods  several  days  apart,    and  on  these  days  the  catch  rates  were  very 
low.     The  fishing  stations  were  so  close  together  that  they  can  be  quite  properly  regarded  as  a 
single  location.     The  significance  of  this  sort  of  phenomenon   cannot  be  adequately  explained,    but 
it  is  thought  to  be  worthy  of  attention  both  from  the  biological  and  the  fishing  points  of  view. 

The  size  of  the  yellowfin  in  the  sea  area  south  of  the  Equator  appears  to  have  been 
completely  different  on  either  side  of  a  boundary  line  in  the  vicinity  of  6     S.   latitude.       The  fish 
from  the  north  side  of  this  line  did  not  differ  greatly  in  size  from  those  taken  in  the  vicinity  of 
the  Equator,    but  those  taken  south  of  the  line  had  an  average  weight  of  about  50  kilogranns.     As 
the  season  at  which  the  data  were  collected  was,    of  course,    the  sajne  for  this  area  and  for  the 
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areas  along  and  north  of  the  Equator,    it  appears  that  different  age  groups  occur  south  of  6     S. 
latitude  and  in  the  vicinity  of  the  Equator.     Furthermore,    as  was  noted  earlier,    south  of  6     S. 
latitude  there  are  wider  fluctuations  in  the  catch  rates  and  a  more  unstable  fishing  situation  than 
along  the  Equator  or  to  the  north  of  it. 

Although  there  are  these  differences  in  the  character  of  the  fishing  grounds  in 
different  parts  of  the  area,    it  is  recognized  that  the  waters  off  western  Sumatra  are  excellent 
fishing  grounds  during  the  season  when  the  northeasterly  winds  are  at  their  strongest.      The  signi- 
fic3ince  of  the  area  as  a  fishing  ground  during  the  season  of  southwesterly  winds  is  not  clear. 

3.     Waters  off  Java  (6°  to  13°  S.,    105°  to  1 15°  E. ) 

The  sea  area  between  the  Sunda  Strait  and  the  Lombok  Strziit  is  that  referred  to  here 
as  the  waters  off  Java.     During  the  season  of  southerly  winds  the  sea  currents  in  this  ajrea.  are 
quite  simple,   with  the  current  which  runs  along  the  south  coast  of  the  Lesser  Sunda  archipelago, 
which  lies  immediately  to  the  east  of  Java,    simply  continuing  to  flow  westward  along  the  south 
coast  of  Java.     The  velocity  of  this  current  is  rather  high,    speeds  of  1  knot  per  hour  or  more 
having  been  recorded.     A  pronounced  current  boundary  appears  running  southwestward  from  the 
vicinity  of  the  Sunda  Strait  and  the  coastal  waters  of  Sumatra  to  the  north  of  this  boundary  form 
a  completely  distinct  water  system. 

From  Jsmuatry  through  March,    when  the  northerly  winds  blow  continuously,    the 
pattern  of  the  sea  currents  changes  completely  and  becomes  remarkably  complex.     To  describe 
them  in  a  rough  outline,   there  is  a  conspicuous  current  boundary  trending  generally  east  and 
west  in  the  vicinity  of  8     to  10     S.    latitude,    and  this  boundary  turns  to  the  southwestward  in  the 
vicinity  of  Lombok  Strait  at  the  eastern  extremity  of  this  sea  area.     On  the  south  side  of  this 
boundary  the  currents  flow  generally  westward.      The  current  coming  south  off  the  coast  of 
Sumatra  turns  and  flows  to  the  eastward.     The  current  on  the  north  side  of  the  boundary  is  pressed 
in  very  close  to  the  shores  of  Java  by  currents  on  its  south  side  aind  its  velocity  is  high  although 
the  current  itself  is  extremely  narrow.     The  currents  on  the  south  side  of  the  boundary  come  out 
of  the  central  part  of  the  southern  Indian  Ocean  flowing  to  the  northeastward,    and  impinging  upon 
the  island  of  Java  they  turn  to  the  west.     To  the  east  of  the  current  boundary  in  the  vicinity  of 
Lombok  Strait,   the  current  flowing  north  along  the  west  coast  of  Australia  turns  to  the  northeaist 
and  thereafter  turns  eastwcird  to  flow  along  the  Lesser  Sunda  archipelago. 

As  indicated  by  the  above  brief  description,    during  the  season  when  northerly  winds 
predominate,   the  coastal  waters  of  Java  are  almost  completely  cut  off  from  and  are  under  the 
influence  of  different  currents  from  the  adjacent  sea  areas  to  the  east  and  the  northwest. 

Sea  conditions  in  the  season  of  southerly  winds  are  unknown  because  there  are  no 
data.     During  the  season  of  prevailing  northerlies  surface  water  temperatures  in  this  sea  area 
are  not  greatly  different  fronn  those  of  the  west  coast  waters  of  Sunnatra,    but  the  temperatures  at 
the  50-meter  and  200-meter  levels  seem  to  be  rather  markedly  lower. 

The  season  of  southerly  winds  is  the  rainy  season  in  this  sea  area  and  the  weather.is 
bad  and  the  sea  rough.     Furthermore,   typhoons  occur  from  time  to  tinne  amd  it  is  thought  that 
interference  with  operations  by  the  weather  will  be  frequent.     During  the  season  of  northerly 
winds  there  is  continuous  good  weather,    the  sea  is  extremely  calm,    and  operating  should  be  easy. 

Data  on  past  investigations  in  this  sea  area  are  available  only  from  the  Hakuyo  Maru 
and  the  Haruna  Maru.     Investigations  of  the  Haruna  Maru  were  carried  on  during  December   1933, 
ajid  the  area  investigated  was  limited  to  the  eastern  and  western  extremes  of  this  sea  area,   that 
is,  the  vicinities  of  the  Lombok  and  Sunda  straits.         The  explorations  of  the  Hakuyo  Meiru  were 
carried  out  in  June   1926  and  were  scattered  throughout  this  whole  area.     These  data  have  been 
brought  together  to  show  the  fishing  conditions  in  the  waters  of  Java  in  the  following  table. 
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Table   14. --Fishing   conditions  in  Java  waters  (Hakuyo 
Maru,    January  1931;  Haruna  Maru, 
December   1933) 


Vessel 

Nunnber 

Yellowfin 

Bigey 

e 

Spearfishes 

Tunas  and 
spearfishes 

Sharks 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

of.  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Hakuyo 

900 

10 

1.  11 

0 

0.00 

0 

0.00 

10 

1.  11 

10 

1.  11 

Haruna 

8,  720 

280 

3.21 

63 

0.72 

61 

0.70 

404 

4.63 

180 

2.06 

Total 

9,620 

290 

3.03 

63 

0.65 

61 

0.  63 

414 

4.  30 

190 

1.97 

As  the  data  are  not  only  very  scarce  but  extremely  unevenly  distributed,   there  is 
danger  in  drawing  conclusions  on  the  basis  of  just  these  data,    however,    if  the  facts  shown  in  the 
foregoing  table  are  compared  with  the  data  from  the  waters  of  Sumatra  and  the  Lesser  Sunda 
archipelago  (to  be  discussed  below),    it  nnay  be  thought  that  fishing  conditions  in  Java  waters 
during  the  season  of  northerly  winds  are  markedly  slack  in  comparison  with  adjacent  sea  areas. 
Furthermore,    as  has    already  been  stated,    the  investigations  of  the  Haruna  Maru  were  confined  to 
the  eastern  and  western  extremities  of  this  sea  area  and  therefore  it  can  be  seen  that  fishing  was 
extremely  poor  off  the  central  part  of  Java  (1  sic).     The  season  at  which  the  investigations  were 
carried  on  coincides  with  the  season  of  extremely  good  fishing  in  the  waters  off  Sumatra.     It  is 
consequently  difficult  to  believe  that  the  reason  for  the  marked  inferiority  of  the  fishing  in  this 
sea  area  as  compared  with  coastal  waters  of  Sumatra  was  due  to  seasonal  changes. 

The  foregoing  facts  seem  to  give  important  indications  for  the  consideration  of  the 
distribution  of  tunas  (principally  yellowfin)  in  the  Indian     Oceam  region.     The  above  table  makes  it 
appear  that  the  distribution  of  yellowfin  is  extremely  sparse  in  the  currents  which  flow  into  the 
waters  off  Java  from  the  central  portion  of  the  southern  Indian  Ocean,    or  in  other  words  on  the 
offshore  side  of  the  current  boundary  which  runs  east  and  west  in  the  vicinity  of  8     to  10     S. 
latitude.     Unfortunately,    data  are  very  few  and  a  thorough  evaluation  is  impossible,    but  it  is 
believed  that  not  only  yellowfin  but  bigeye  txina  and  spearfishes  are  extrennely  scarce  or  almost 
completely  absent  in  this  current. 

The  investigations  of  the  Haruna  Maru  showed  that,    as  might  have  been  expected,   the 
fishing  picked  up  sonnewhat  near  the  eastern  and  western  extremes  of  this  sea  Jirea  and  that  here 
the  composition  of  the  catch  and  the  size  of  the  yellowfin,    which  were  the  principal  element  in 
the  catch,    agreed  well  with  the  catches  made  in  the  adjacent  Sumatra  and  Lesser  Sunda  regions. 

From  the  foregoing  it  appears  that  during  this  season  of  northerly  winds  the  waters 
south  of  Java  cannot  be  expected  to  have  any  very  great  value  as  tuna  fishing  grounds. 

As  there  are  absolutely  no  data  for  the  season  of  southerly  winds,    vje  have  no  way  of 
knowing  fishing  conditions      at  this  time  of  year.     However,    at  this    season    the  pattern  of  the  sea 
currents  changes  conspicuously,    and  the  current  which  comes  flowing  from  the  Lesser  Sunda 
archipelago  on  the  east  continues  right  along  the  island  of  Java  to  the  westward.     As  will  be  ex- 
pleiined  in  a  later  section,   fishing  in  the  waters  of  the  Lesser  Sundas  during  the  season  of  south- 
erly winds  is  quite  active,    and  therefore  it  is  thought  that  a  certain  amount  of  fishing  can  be 
anticipated  in  the  waters  off  Java  at  this   season.     However,    as  has  already  been  stated,   un- 
favorable weather  conditions  at  this  time  of  year  must  naturally  be  taken  into  account. 
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o  o 

Waters  around  the  Lesser  Sunda  Islands  and  Timor  (8     to  1  5     S. 


115°  to  130°  E. 


This  sea  area  of  about  350,  000  square  miles  adjoining  on  the  east  the  area  described 
in  the  foregoing  section  will  be  characterized  as  the  waters  of  the  Lesser  Sunda  archipelago  and 
and  the  islsmd  of  Timor. 

The  pattern  of  the  ocean  currents  from  July  to  September,   the  season  in  which  the 
southerly  winds  are  nnost  predonninant,    is  roughly  as  follows.     There  is  a  conspicuous  current 
which  comes  from  the  region  of  the  Arafura  Sea  to  the  southeast  and  passes  in  a  westerly  direc- 
tion through  this  sea  area.     In  the  vicinity  of  the  eastern  end  of  the  island  of  Timor  this  current 
divides  into  two  branches,    one  flowing  north  into  the  Banda  and  Flores  seas  while  the  other 
branch  continues  flowing  westward  through  this  sea  area.     Its  velocity  is  rather  high,    exceeding 
1  knot  per  hour. 

From  January  to  March,    when  the  northerly  winds  are  strong,    the  pattern  of  the 
ocean  currents  changes  completely.     A  rather  strong  current  which  flows  northeastward  along 
the  west  coast  of  Australia  passes  away  to  the  eastward  adong  the  southern  side  of  the  archipelagc^ 
and  along  the  northern  side  of  the  islands  there  is  a  current  which  flows  in  an  easterly  direction 
from     the  Java  Sea  area.     These  two  currents  of  different  origins  unite  in  the  vicinity  of  the 
eastern  extremity  of  this  sea  area  and  flow  into  the  Araifura  Sea  region.     As  was  noted  earlier   in 
the  section  on  the  waters  off  Java,    a  conspicuous  current  boundary  appears  running  southwestward 
from  the  vicinity  of  the  Lombok  Strait  at  the  western  extremity  of  the  area,    and  the  water  systems 
of  this  area  and  those  of  the  waters  off  Java  are  completely  different. 

The  color  of  the  water  during  this  season  of  southerly  winds  is  about  II  to  III  on 
Forel's  scale.     Transparency  also  appears  to  be  rather  low.     Water  temperatures  are  gener- 
ally low,   with  25     C.   to  27     C.   indicated  for  the  surface  layer,    24     C.   to  26     C.    at  50  meters, 
auid  about  20     C.   at  100  meters. 

During  the  season  of  northerly  winds  the  water  color  is  about  I  to  II  on  the  Forel 
scale,    and  transparencies  range  from  25  to  30  meters.     Water  tennperatures  are  conspicuously 
higher  than  during  the  season  of  southerly  winds,    the  surface  layer  having  29     C.    or  even  higher, 
with  27     C.   to  28     C.    at  50  meters,    and  23     C.   to  26     C.    at  100  meters,    subject  to  local  varia- 
tions. 

The  data  available  for  this  area  are  the  results  of  the  investigations  of  the  Hakuyo 
Maru,   Haruna  Maru,   Shonan  Maru,    Zuiho  Maru  (research  vessel  of  the  former  South  Seas  govern- 
ment,   and  the  Kiyo  Maru  (former  research  vessel  of  Wakayama  Prefecture).     Furthe  rnnore,    the 
mothership-type  tuna  fishing  operations  of  the  T5bu  Suisan  Connpany  also  extended  into  this  area, 
but  it  is  not  known  what  success  they  had.     The  following  table  is  a  summary  of  these  data. 

Table   15. --Fishing  conditions  in  the  waters  of  Tinnor 
and  the  Lesser  Sunda  Islands 


Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfishes 

Total  tunas 
and  spearfishes 

Sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

48, 274 

4,032 

8.35 

161 

0.33 

322 

0.66 

4,515 

9.37 

701 

1.45 

On  the  whole  the  catch  rates  are,    as  shown  in  the  foregoing  table,    rather  high  eind  this  area  is 
adjudged  to  be  an  excellent  fishing  ground.     Data  are  scarce  so  it  is  difficult  to  make  a  thorough- 
going comparison,    however,   the  following  table  compares  the  fishing    situation    during  the  two 
seasons. 
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Table   16. --Fishing  situation  by  seasons   (waters  of 
Timor  and  the  Lesser  Sunda  Islands) 


Season 

Number 
of  hooks 

Catch 
rates 

SE  winds 
NW  winds 

46,059 
2,215 

9.43 
6.23 

Note:     Southeasterly  winds  --  April  to  September 
Northwesterly  winds--  October  to  March 

There  are  very  few  data  available  for  the  season  of  northwesterly  winds   so  a  comparison  is 
difficult,   but  within  the  scope  of  the  data  the  fishing  is  better  during  the  southeasterlies . 

During  the  season  of  northwesterly  winds  the  catch  rates  are  at  their   highest  around 
November,    falling  off  rather  sharply  from  December  on.     However,    as  stated  earlier,    this  view 
is  based  on  scanty  data  amd  therefore  it  is  difficult  to  determine  whether  or  not  this  is  actually 
the  case  without  further  amplifying  the  data.     If  there  is  such  a  change  in  the  fishing  situation, 
its  cause  may  be  thought  to  be  the  change  in  the  currents  which  acconnpanies  the  change  of 
season.     As  we  have  no  data,   we  know  nothing  of  the  changes  in  the  fishing  situation  after  the 
first  part  of   December. 

The  yellowfin  is  the  most  numerous  species  in  the  catch,    making  up  somewhat  less 
than  90  percent  of  all  tunas  and  spearfishes.     The  size  of  the  fish  appears  to  be  generally  larger, 
most  of  them  weighing  about  48  to  55  kilograms.     Of  course,    fish  of  20  to  40  kilogranns  are  also 
taken,    but  they  are  proportionately  few,    axid  the  average  weight  appears  to  be  between  48  and  50 
kilograms.     Next  to  the  yellowfin  the  spearfishes  are  most  numerous,    and  bigeye    tuna  are 
scarce.     The  catch  rates  for  the  species  are  markedly  lower  than  those  of  the  coastal  waters  of 
Sumatra.     However,    it  must  be  noted  that  these  observations  are  based  on  investigations  covering 
an  extremely  short  period  of  time.      The  catch  rate  for  sharks  is   about  1.  5,    a  usual  value  for  the 
tropics. 

As  regards  the  size  of  the  yellowfin  and  the  frequency  of  occurrence  of  bigeye  tuna 
and  spearfishes  this  area  more  closely  resembles  the  adjacent  Banda  Sea  and  Flores  Sea  Jirea 
to  the  north  than  the  various  sea  areas  adjoining  it  on  the  west.     In  other  words,    the  size  and 
connposition  of  the  catch  appear  to  be  close  to  those  found  in  the  Banda  Sea  area.     It  is  inferred 
that  this  sort  of  phenomenon  provides  a  hint  as  to  the  migratory  route  of  the  schools  which 
migrate  into  this  area,    however,   there  are  no  data  available  which  would  show  this  relationship 
between  them  concretely.     Consequently,    it  might  be  thought  that  this  was  a  mere  chance  agree- 
ment,  but  a  consideration  of  the  pattern  of  ocean  currents  mjikes  the  foregoing  inference  seem 
reasonable.     The  following  table  provides  a  comparison  of  fishing  conditions,    catch  composition, 
eind  the  size  of  yellowfin  tuna  in  this  sea  area  and  in  the  various  areas  of  the  Indian  Ocejin  region, 
the  Banda  Sea,    and  the  Flores  Sea. 

This  area  is  sometimes  visited  by  rough  weather  during  the  season  of  southeasterly 
winds,    but  in  general  throughout  the  year  it  is  calm  and  it  is  believed  that  there  is  hardly  ever 
ciny  weather  such  as  would  interfere  with  operations.     The  nnigrational  patterns  of  the  schools  are 
not  as  yet  understood,    but  within  the  scope  of  the  investigations  which   have  been  made  it  is 
probable  that  this  can  be  called  an  excellent  fishing  ground. 
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Table   1 7. --Fishing  conditions,    catch  composition,    and 
size  of  yellowfin  tuna  compared 


Catch 

Percent 

Percent 

Percent 

Average  weight 

Sea  area 

rate 

yellowfin 

spearfishes 

bigeye 

of  yellowfin 

Banda  Sea  and  Flores  Sea 

8,40 

89.5 

7.2 

3.3 

48.5 

Waters  around  the  Lesser 

Sundas 

9.37 

88.6 

7.6 

3.8 

48.0 

Waters  off  Java 

4.  30 

70,0 

14.8 

15.2 

49.6 

Waters  off  Sumatra 

10.  12 

85.9 

7.  1 

8.  2 

33-35 

Notes:       1.      The  catch  rate  is  the  number  of  tunas  and  spearfishes  caught  per  hundred  hooks. 

2.      The  percentages  for  tunas  and  spearfishes  are  the  proportion  of  those  species  in 
the  total  catch. 

Taking  a  general  view  of  the  Indian  Ocean  region  described  above,    fishing  conditions 
are  on  the  whole  better  during  the  season  of  northerly  winds  with  poorer  catches  during  the 
season  of  southerly  winds.     It  is  to  be  regretted  that  we  have  very  few  data  for  the  season  of 
southerly  winds,   but  if  it  is  assumed  that  the  tendency  described  above  can  actually  be  detected, 
it  is  deeply  interesting  to  compare  it  with  the  situation  in  the  Pacific  Ocean  areas  to  be  described 
below, 

B.     Pacific  Ocean  Region 

o  o 

Under  this  heading  will  be  discussed  the  area  from  15     S.    latitude  to  about  43     N. 

latitude  and  west  of  180     E.    longitude.      This  includes  the  various  seas  to  the  north  of  the  Lesser 
Sunda  Islands.     As  in  the  case  of  the  Indian  Ocean  region,    this  region  has  been  divided  up  in 
accordance  with  the  topography  and  oceanographic  conditions,    and  an  outline  of  the  character- 
istics of  each  sea  area  as  a  fishing  ground  will  be  presented.     As  there  are  no  standards  for  sub- 
division in  the  central  part  of  the  Pacific  Ocean,   that  area  will  be  divided  for  convenience  by 
latitude  and  longitude. 

1.     Molucca  Strait,    Banda  Sea,    and  Flores  Sea  (  0°  to  8     S.  ,    115     to  1  30     E. ) 

This  sea  area  is  bounded  by  the  Lesser  Sunda  archipelago,   the  Molucca  Islands,   the 
island  of  Celebes,    and  New  Guinea.     From  July  to  Septennber,   that  is,    during  the  season  when  the 
southerly  winds   are  at  their  strongest,    the  current  flowing  southeast  from  the  Arafura  Sea  area 
spreads  into  the  vicinity  of  the  eastern  tip  of  Timor  and  one  of  its  branches  flows  westward  into 
the  southern  part  of  this  sea  area.     This  current  again  divides  southeast  of  Celebes  with  one 
branch  advancing  northward  off  the  east  coast  of  Celebes,    passing  through  the  Molucca  Strait, 
and  flowing  into  the  Pacific  Ocean.     The  other  branch  flows  west  along  the  north  side  of  the 
Lesser  Sunda  archipelago  and  enters  the  Java  Sea.      Another  current  of  a  completely  different 
system  flows  from  the  Celebes  Sea  region  through  the  Macassar  Strait  and  into  the  western  part 
of  the  Flores  Sea.      This  current  is  rather  strong,    but  its  effect  on  fishing  is  not  known. 

The  ocean  currents  from  January  through  March,    that  is,    the  season  at  which  the 
northerly  winds  are  at  their  strongest,    are  almost  completely  opposite  to  the  pattern  seen  from 
July  to  September.     A  current  appears  flowing  eastward  from  the  Java  Sea  region,    and  another 
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flows  south  through  the  Molucca  Strait,    the  two  of  them  joining  southeast  of  Celebes  and  flowing 
into  the  Arafura  Sea  region.     The  current  flowing  southward  through  the  Macassar  Strait  from  the 
Celebes  Sea  region  remains  as  it  was  in  the  period  from  July  to  September,    but  its  force 
becomes  extremely  weak. 

The  sea  is  generally  calm  in  this  area  throughout  the  year,    and  it  is  believed  that 
there  will  be  no  interference  with  operations  because  of  bad  weather.     As  is  shown  below,    the 
fishing  is  extraordinarily  good  and  this  fact,    together  with  the  good  climatic  conditions,    makes 
this  an  excellent  fishing  ground. 

The  skipjack  and  tuna  fishing  grounds  of  this  area  have  a  rather  deep  relationship  to 
the  Japanese.     Around   1930  the  late  Mr.   K.    Hara,    who  was  at  that  tinne  a  representative  in  the 
Diet  for  Kagoshima    Prefecture,     settled  in  Amboina  with  a  number  of  fishernnen  from  Kagoshima 
and  started  a  skipjack  fishery  based  there.     This  party  had  two  fishing  vessels  which  they  oper- 
ated from  Menado  in  the  Celebes  and  other  places.      This     enterprise  was  affected  by  the  deterio- 
ration of  the  international  situation  accompanying  the  Manchurian  Incident,    which  occurred  soon 
after,    it  was   subjected  to  the  opposition  of  the  Netherlands  East  Indies    government,    and  it 
finally  ended  in  failure.      Before  the  war,    Japanese  fishermen  based  at  Menado  carried  on  opera- 
tions to  some  extent  in  the  Molucca  Strait  area. 

In  this  sea  area,    as  in  other  areas  of  the  south,   there  is  a  snriall-scale  fishery 
carried  on  by  natives  using  dug-out  canoes.     In  order  to  supply  military  needs  during  World  War 
II    a  large  number  of  Japanese  fishing  vessels  were  nnobilized  in  this  region  to  carry  on  skipjack 
and  tuna  fishing,   but  no  concrete  data  concerning  their  success  remain.     At  any  rate,   this  may 
well  be  considered  a  completely  untouched  fishing  ground. 

Investigations  in  this  area  have  been  carried  on  by  the  Shonan  Maru,    Zuih5  Maru, 
and  Kiyo  Maru.      The  mother  ship-type  tuna  fleet  of  the  Tobu  Suisan  Connpany  also  operated  exper- 
imentally in  this  area.     All  of  the  data  except  those  from  the  mothership-type  operation  are 
extremely  fragmentary.     Consequently  there  are  many  points  at  which  these  data  are  inadequate 
for  assessing  the  value  of  fishing  grounds  in  this  area.     The  following  table  presents  a  summa- 
rization of  these  data. 

Table   18. --Fishing  conditions  in  the  Banda  Sea, 
Flores  Sea,    and  the  Molucca  Strait 
area 


Number  of 
hooks  used 

Yellowfin 

Bij;eye 

Spearfishes 

Total  tunas  and 
spearfishes 

Sharks 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

81,779 

6,  228 

7.61 

225 

0.28 

510 

0.62 

6,963 

8.40 

? 

? 

Note:     This  table  includes  data  from  mothership-type  operations. 

As  the  table    shows,    rather  high  values   are  indicated  for  the  catch  rates,    and  it 
appears  that  this  area  is  a  very  superior   tuna  longlining  ground. 

The  data  are  notably  uneven  in  temporal  distribution  and  therefore  it  is  not  possible 
to  examine  thoroughly  the  seasonal  changes  in  the  fishing  situation,    however,    a  comparison  is 
shown  in  the  following  table. 
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Table  19. --Seasonal  changes  in  fishing  conditions 
(Bauida  Sea,    Flores  Sea,    and  Molucca 
Strait  area) 


Season 

Number 
of  hooks 

Catch 
rate 

Southeaster  lies 
Northwester  lies 

80,089 
1,690 

8.56 
7.34 

Note:     The  catch  rates  are  the  combined  totals  for 
tunas  and  spearfishes. 

As  table   19  shows,   fishing  is  somewhat  poorer  during  the  season  of  northwesterly 
winds  than  during  the  southwesterlies.      Very  few  data  are  available  for  the  season  of  northwester- 
ly   winds  so  it  is  difficult  to  affirm  definitely  that  fishing  is  poorer  during  this   season  than  it  is 
during  the  southwesterlies.     However,    it  is  possible  that  this  table  represents   accurately  the 
seasonal  changes  in  fishing  conditions  in  this  area  because  the  same  trends  have  been  demon- 
strated (see  table   16)  for  the  seasonal  changes  in  fishing  in  the  Lesser  Sunda  archipelago  area. 
(Translator's  note:    the  discussion  of  seasonal  winds  in  this  paragraph  does  not  check  with  the 
wind  directions  given  in  table   19,    which  shows  a  season  of  northwesterly  and  a  season  of 
southeasterly  winds.     Available  references  indicate  that  the  designations  used  in  the  table  are 
probably  correct  and  that  the  southerly  seasonal  winds  in  this  region  actually  blow  from  the  south- 
east. ) 

Looking  at  the  records  of  the  yellowfin  sizes,    it  appears  that  in  general    large   fish 
predominate,   with  the  average  weight  48.  5  kilograms.     Catch  rates  for  bigeye  tuna  and  spear- 
fishes are  low,    juid  it  appears  that  bigeye  are  particularly  scarce.     The  size  of  the  yellowfin  and 
the  composition  of  the  catch  differ  widely  from  those  found  in  the  adjacent  Celebes  Sea  to  the 
north  and  in  the  western  part  of  the  Pacific,   while,    as  shown  in  table   17,   they  bear  a  remarkably 
close  resemblance  to  the  adjacent  waters  of  the  Lesser  Sunda  Islands.     Such  phenomena  may  be 
thought  quite  natural  from  a  geographical  point  of  view,    and  they  may  further  be  thought  to  give 
some  very  interesting  hints  as  to  the  migratory  paths  of  the  schools  which  come  into  this  sea 
area. 

The  fact  that  the  size  of  the  yellowfin  is  generally  large,    and  the  fact  that  they  are 
present  throughout  the  year  with  little  change  in  density    of  occurrence  are  considered  to  indicate 
that  this  sea  area  may  have  an  important  significance  in  connection  with  the  propagation  of  the 
yellowfin.     However,    nothing  concrete  has   as  yet  been  reported  from  this  sea  area  concerning 
their  spawning. 

This  sea  area  is  not  only,    as  stated  above,    £in  extraordinarily  good  tuna  longlining 
ground,    but  it  also  appears  to  present  various  important  problems  irom  the  point  of  view  of 
yellowfin  distribution  and  migrational  routes   as  well  as  from  the  standpoint  of  ecology.     In  the 
same  sense,    the  series  of  sea  areais  to  the  north--the  Celebes  Sea,    Sulu  Sea,    and  South  China 
Sea--all  having  the  character  of  enclosed  basins,    are  thought  to  be  all  worthy    of  attention. 

2.     Celebes  Sea 

This  sea  area  is  inclosed  by  Celebes,    Borneo,     the  Sulu  archipelago,    and  Mindanao. 
To  the  east  it  connects  with  the  western  Pacific  Ocean  through  the    strait  between  Celebes   and 
Mindanao,   on  the  north  with  the  Sulu  Sea  across  the  Sulu  archipelago,    and  on  the  south  with  the 
Flores  Sea  region  by  way  of  Macassar  Strait. 
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From  July  to  September,    the  season  in  which  the  southerly  winds  predominate,    there 
is  a  strong  current  flowing  to  the  southwestward  across  the  central  part  of  this  sea  area  from 
the  strait  between  Sangi  Island  and  Mindanao  at  the  eastern  end  of  the  area.     After  flowing  across 
this  sea  area,    this  current  passes  into  the  Flores  Sea  by  way  of  the  Strait  of  Macassar.     This  is 
a  current  of  considerable  force,   but  its  strength  is  said  to  be  affected  by  the  tide.     There  is 
another  weaker  current  flowing  along  the  northern  coast  of  Celebes  in  a  direction  generally  oppo- 
site that  of  the  current  already  mentioned.     Another  weak  current  appears  in  the  northern  part 
of  the  area  flowing  northward  along  the  coast  of  Mindanao  into  the  Sulu  Sea.     There  is  a  weak 
current  flowing  in  the  opposite  direction  to  this  southward  along  the  coast  of  Borneo  into  the  Sulu 
Sea.     Consequently,    taking  this  sea  area  as  a  whole,    it  can  be  considered  that  there  is  a  strong 
current  flowing  across  the  central  portion  from  northeast  to  southwest,  with  other  currents  flow- 
ing generally  in  a  counterclockwise  direction  around  the  edges. 

As  for  water  temperatures,    they  are  28     C.   to  29     C.    in  the  surface  layer,    and  27     C. 
to  29     C.    at  50  meters.     The  water  temperature  at  the   100-meter  level  differs  nnarkedly  from  one 
place  to  another,    ranging  from  21      C.   to  26     C.    with  an  average  value  of  about  24     C.     Water 
color  is  most  often  I  to  II  on  the  Forel  scale  and  transparency  is  high,    25  to  40  meters  having 
been  recorded. 

From  January  through  March,    the  season  when  the  northerly  winds  are  strongest, 
the  current  which  flowed  from  northeast  to  southwest  through  the  central  portion  of  the  area 
during  the  season  of  southwesterly  winds  is  remarkably  reduced  in  strength  and  it  beconnes  im- 
possible to  find  any  conspicuous  current  throughout  the  area.     Only  the  current  flowing  south 
along  the  island  of  Borneo  from  the  Sulu  Sea  increases  somewhat  in  strength. 

Surface  water  temperature  is  27     C.   to  28     C.  ,    a  drop  of  about  1     as  compared  to  the 
season  of  southwesterlies.     The  50-meter  level,    on  the  contrary,    has  temperatures  about  1 
higher  and  consequently  shows  temperatures  somewhat  higher  than  those  of  the  surface  water. 
Water  tennperatures  at  100  meters  are  also  in  general  slightly  higher  than  during  the  southwest- 
erlies,  with  values  of  24     C.    to -26     C.     In  some  localities  a  rather  pronounced  thermocline 
appears  sometimes  in  the  vicinity  of  the   100-meter  level.     The  color  of  the  water  in  the  central 
portion  is  generally  I  on  Forel's  scale  with  the  frequency  of  II  to  III  increasing    toward  the  bor- 
ders of  the  area.     Consequently  transparency  is  high  in  the  central  portion  with  values  of  around 
30  meters,    and  with  smailler  values  on  the  edges  of  the  area. 

During  this  season  of  northerly  winds  rather   strong  winds  sometimes  blow 
continuously,    but  it  appears  they  would  not  be  sufficient  to  interfere  with  operations.     During  the 
season  of  southerly  winds  the  sea  is  generally  extremely  calm. 

This  sea  area  had  already  been  developed  as  a  fishing  ground  before  the  war.     Some  of 
the  large  fishing  vessels  based  at  Takao  in  Formosa  occasionally  operated  in  this  area.     Boats 
of  the  Borneo  Fishing  Company  (operated  by  Japanese)  based  at  Shamil  Island  in  British  North 
Borneo  and  of  the  Filipino- Japanese  Sea  Food  Corporation  based  at  Zamboanga  were  active  in  the 
area.     The  boats  based  at  TaJcao  were  all  longliners,   but  the  others  fished  mainly  with  pole  and 
line  for  skipjack  and  small  yellowfin.     Investigations  have  been  carried  on  in  this  sea  area  by  the 
ShBnan  Maru  and  the  Takao  Maru  (research  vessel  of  the  former  Takao  Province).      The  mother- 
ship-type  tuna  fleet  of  the  Tobu  Suisan  Company  also  operated  experimentally  in  this  area.     An 
exploratory  fleet  from  Kagoshinna  Prefecture  also  fished  in  this  area  with  the  objective  of  devel- 
oping the  skipjack  pole  and  line  fishery.     The  following  table  summarizes  the  data  from  these 
investigations. 

For  most  of  the  data  there  are  no  records  broken  down  by  species  so  the  catch  rates 
for  each  species  are  not  known.     In  the  cases  where  such  data  are  recorded,    it  appears  that  the 
catch  of  bigeye  tuna  is  extraordinarily  small.     However,    spearfishes   (mainly  white  marlin)  are 
extremely  abundant,   the  catch  rates  averaging  2.  37.     Whether  these  high  spearfish  catch  rates 
represent  normal  conditions  in  this  sea  area  or  whether  they  are  a  phenomenon  which  appears 
only  at  certain  seasons  cannot  be  determined  because  of  the  paucity  of  data.     At  any  rate  it  is 
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certain  that  the  ipearfishes   are  quite  abundant.     It  is  also  certain,    o£  course,    that  their  catch 
rates  show  seasonal  fluctuations. 

Table  20.  --Fishing  conditions  in  the  Celebes  Sea 


Number  of 
hooks 

Yellowfin 

Bigeye 

Spearfishes 

Total 

Sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

157, 156 

? 

? 

? 

? 

7 

? 

6,553 

4.  16 

? 

? 

The  nnost  numerous  species  in  the  catch  is  naturally  the  yellowfin.     The  density  of 
distribution  of  the  yellowfin -appears  to  undergo  large  seasonal  fluctuations  as  can  be  inferred 
from  the  following  table. 

Table  21. --Fishing  conditions  by  season 
(Celebes  Sea) 


Season 

Number 
of  hooks 

Number 
of  fish 

Catch 

rate 

April  -  Sept. 
Oct.    -  March 

7,493 
146, 662 

714 
5,839 

9.  53 
4.06 

Notes:      (1)    Catch  and  catch  rate  figures  represent 
the  total  of  tunas  and  spearfishes. 


(2)  April  to  September  is  the  season  of 
southerly  winds,  October  to  March 
that  of  northerly  winds. 

As  the  number  of  hooks  fished  during  the  season  of  southerly  winds  is  very  small,    the 
numerical  values  for  the  seasonal  changes  in  fishing  conditions   shown  in  the  above  table  cannot 
perhaps  be  said  to  be  accurate  ones.     However,    it  can  be  seen  at  any  rate  that  within  the  scope  of 
this  table  the  seasonal  changes  in  fishing  conditions  aire  extrennely  nnarked.     The  table  indicates 
that  the  catch  rates  during  the  season  of  southerly  winds  are  more  than  twice  as  much  as  those 
during  the  season  of  northerly  winds,    and  it  goes  without  saying  that  the  greatest  factor  in  this 
change  in  catch  rates  is  an  increase  in  yellowfin. 

In  addition  to  the  surveys  mentioned  above,   the  Koho  Maru  of  the  Kochi  Prefecture 
Fisheries  Experiment  Station  also  investigated  this  sea  area.      This  work  was  done  in  November 
and  December  of  1931.     It  is  not  possible  to  calculate  the  catch  rate  because  the  construction 
of  the  fishing  gear  employed  has  not  been  reported,    but  during  the  period  mentioned,   the  Koho 
Maru  fished  a  total  of  721  baskets  and  took  a  total  of  tunas  and  spearfishes  amounting  to  341  fish. 
This  is  a  catch  of  more  than  47  fish  per  hundred  baskets.     If  we  assume  that  there  were  six  hooks 
per  basket,   the  catch  rate  would  be  about  8.0, a  rather  high  figure. 
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There  are  few  records  concerning  the   size  of  the  yellowfin  and  the  details  are  not 
Consideration  of  a  certain  amount  of  data  makes  it  appear  that  large  fish  are  generally 
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more  numerous  in  the  season  of  northerly  winds  with  slightly  snnaller  ones  predominating  during 
the  season  of  southerly  winds.     The  average  weight  for  the  whole  year  is  about  44  kilograms, 
rather  markedly  smaller  than  the  fish  of  the  Flores  Sea  region  and  considerably  larger  than,^those 
from  the  equatorial  Pacific.     It  is  an  interesting  fact  that  if  we  compare  the  condition  factor— 
for  yellowfin  taken  at  the  height  of  the  season  of  northerly  winds,    those  from  the  Celebes  Sea  giy/e 
markedly  lower  values  than  those  from  the  East  Philippine  Sea  Eind  the  Sulu  Sea  (see  Nakamura—  ). 

The  Shonan  Maru  carried  on  its  investigations  using  a  special  kind  of  fishing  gear  with 
a  float  attached  to  each  branch  line.     The  object  of  using  this  sort  of  gear  was  to  determine  accu- 
rately the  fishing  level  (or  swimming  level)  for  the  tunas  and  spearfishea.     With  the  gear  common- 
ly used  it  is  not  easy  to  determine  the  depth  at  which  the  hooks  are  hanging,    but  with  the  Shonan 
Maru's  gear  the  position  of  the  hook  could  not  be  deeper  than  "length  of  branch  line  plus  length 
of  float  line,  "  so  that  the  limit  at  one  extreme  was  always  given. 

Looking  at  the  results  of  investigations  made  with  this  sort  of  gear,    we  see  that 
there  are  rather  conspicuous  differences  in  catch  rates  between  branch  lines.     In  one  remarkable 
example  the  total  length  of  the  float  line  and  branch  line  was    160  meters   and  a  considerable  catch 
was  made,    the  catch  rate  being  6.0.     In  general  the  catch  rates  were  highest  where  the  total 
length  of  float  line  and  branch  line  was  about   100  meters,    but  rather  high  catch  rates  were  also 
obtained  where  the  total  length, was  about  50  meters,    which  appears  to  indicate  that  there  are  two 
fishing  levels   (see  Nakamura—   ). 

It  is  considered  that  the  reason  for  the  existence  of  two  fishing  levels  is  that  the 
catch  of  spearfishes  in  this  sea  area  is  fairly  great  and  that  the  spearfish  catch  rates  show  high 
values  at  about  the  50-meter  level  while  the  yellowfin  are  taken  in  the  greatest  numbers  at  about 
the   100-meter  level.      The  following  table  shows  one  example. 

Table  22.  --Fishing  conditions  at  different  depths 
(Celebes  Sea,    July-August  1934, 
Shon^ln  Maru) 


Depth 

Tunas 

Spearf 

ishes 

Number 

Catch 

Number 

Catch 

(meters) 

of  fish 

rate 

of  fish 

rate 

45 

65 

6.25 

26 

2.  50 

76 

182 

8.76 

36 

1.75 

106 

205 

9.86 

20 

0.95 

Note:     (1)     Depths  are  length  of  branch  line  plus  length 
of  float  line. 


As  was  noted  earlier,    it  appears  that  fishing  conditions  in  this  sea  area  vary 
markedly  with  the  season.     The  local  variations  in  the  fishing  conditions  are  not  well  understood, 
but  it  appears  that  they  also  exist.     If  the  season  and  the  locality  are  suitably  taken  into   account 


W 
5/    Condition  factor  is   -^     x  1000;  L  =  body  length,    W  =  weight. 
L^ 

6/    Nakamura,  Hiroshi  .     Tuna  Fishery  Resources  and  Fishing  Grounds,    Fisheries  Quarterly,    II, 
~      December   1949. 

]_/    Nakamura,   Hiroshi.     The  Tunas  and  Their  Fishery,    Takeuchi  Shobo,    1949. 
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as  regards  the  construction  of  fishing  gear,    it  is  thought  that  this    sea  area  will  be  an  excellent 
tuna  longlining  ground.     It  has  already  been  noted  that  from  the  standpoint  of  weather  it  offers 
superior  conditions. 

3.     Sulu  Sea 

This  body  of  water  adjoins  the  Celebes  Sea  to  the  northward  beyond  the  Sulu 
archipelago  and  is  surrounded  by  Borneo,    Palawan,    Mindanao,    and  others  of  the  Philippine 
Islands.      To  the  northward  it  connects  with  the  South  China  Sea  beyond  the  island  of  Palawan. 
During  the  season  of  southwesterly  winds  a  rather  strong  current,    which  flows  northward  from 
the  Celebes  Sea  through  this  sea  area  into  the  South  China  Sea,    appears  somewhat  east  of  the 
middle  of  this  area.     It  is  said  that  on  the  western  side  near  Borneo,    there  is  a  very  weak  cur- 
rent flowing  southward. 

There  are  no  data  at  all  for  this  season  so  nothing  can  be  said  concerning  the  water 
temperatures  ajid  other  hydrographic  conditions,    but  it  is  assumed  that  they  are  not  greatly 
different  from  those  of  the  Celebes  Sea  region.     During  the  season  of  northeasterly  winds  on  the 
whole  no  very  conspicuous  currents  can  be  seen  in  this  area  although  there  is  a  weak  current 
around  the  center  of  the  area  trending  southwest.     It  is  said  also  that  taking  the  area  as  a  whole 
there  is  a  weak  circular  current  flowing  in  a  counter-clockwise  direction. 

Water  temperatures   and  other  conditions  during  the  northeasterlies  are  in  outline  as 
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follows.     Around  October  surface  temperatures  are  28     C.   to  29     C.  ,   temperatures  at  the  50- 
meter  level  differ  little  from  the  surface,    while  the   100-meter  level  shows  temperatures  of 
24     C.   to  26     C.     Water  colors  mostly  of  I  to  II  on  Forel's  scale  have  been  observed,    and  the 
transparency  is  high,    figures  of  30  meters  or  more  being  attained.     Around  February  and  March 
the  water  temperatures  are  n-iarkedly  lower,    with  figures  of  26     C.   to  26.  5     C.    in  the  surface 
layer,    about  26     C.   at  the  50-meter  level,    and  20     C.   to  22     C.    at  100  meters.     At  about  this 
time  a  conspicuous  zone  of  cold  water  appears  centered  on  the  line  of  120     E.   longitude  about  the 
middle  of  this  sea  area.     This  water  mass  shows  temperatures   about  2     lower  than  the  surround- 
ing waters.     At  the  saune  time  the  water  color  changes  greatly.    III  to  IV  on  Forel's  scale  being 
reported  in  the  majority  of  cases.     Consequently,    the  transparency  is  greatly  lowered,    with 
values  of  20  meters  or  less  reported  in  most  cases. 

During  the  season  of  southwesterlies  the  sea  is  always  calm  and  operations  would  be 
extremely  easy.     At  the  season  when  the  northeast  winds  are  strongest  the  area  is  visited  from 
time  to  time  by  high  winds  and  high  seas  matking  it  difficult  occasionally  for  small  fishing 
vessels  to  operate. 

This  area  has  been  for  a  good  many  years  within  the  operating  radius  of  fishing  boats 
based  at  Takao.     Fishing  operations  have  also  been  carried  on  here  by  boats  of  the  Borneo 
Fisheries  Company  based  at  Shamil,    as  mentioned  in  the  section  on  the  Celebes  Sea,    and  boats 
of  the  Sea  Food  Corporation  based  at  Zamboanga.     Boats  from  Takao  for  the  most  part  fish  this 
region  from  September  to  the  middle  of  October,    taking  principally  yellowfin  along  with  black 
mcirlin,   white  marlin,    and  striped  marlin.     It  appears  that  a  fairly  considerable  catch  of  broad- 
bill  is  also  nnade  at  this  season.     Ordinarily  once  this  season  is  passed  there  are  almost  no  fish- 
ing boats  operating  in  this  area,    most  of  thenn  appearing  to  turn  to  operations  in  the  South  China 
Sea.     As  will  be  explained  in  a  later  section  on  the  South  China  Sea,   the  main  fishing  season  in 
that  area  is  the  season  of  northeasterly  winds  from  October  on.     The  normal  situation  in  most 
years  is  for  fishing  to  be  most  active  in  the  early  part  of  the  season  in  the  waters  adjoining 
the  Sulu  Sea. 

When  we  put  together  the  facts  that  fishing  is  at  its  nnost  active  in  the  Celebes  Sea 
from  July  to  September,    that  the  greatest  number  of  fishing  vessels  operate  in  the  Sulu  Sea  in 
September  and  October,    and  that  in  the  South  China  Sea  adjoining  to  the  north  fishing  begins  from 
October  on,    beginning  in  the  areas  adjacent  to  the  Sulu  Sea,    it  may  be  thought  that  in  this  con- 
nected series  of  sea  areas  the  schools  move  gradually  from  south  to  north.     However,    if  we  leave 
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aside  such  observations  based  on  fishing  conditions,    and  consider  the  size  of  the  yellowfin,    it 
appears  that  we  can  get  results  which  deny  the  existence  of  such  a  migratory  route.      That  is,    if 
we  look  at  the  condition  factor  of  the  yellowfin  taken  in  these  various  sea  areas  at  the  same 
season,    despite  the  fact  that  no  conspicuous  differences  in  size  composition  of  the  catch  can  be 
seen,    the  condition  factor  values  vary  widely,   with  the  highest  figures  in  the  Sulu  Sea,    the  lowest 
values  for  the  Celebes  Sea,    and  with  the  South  China  Sea  in  between. 

Data  for  this  sea  areahavebeen  reported  by  the  Shonan  Maru,    Takao  Maru,    Koho  Maru, 
and  the  Daijin  Maru  and  Sasshu  Maru  from  Kagoshima  Prefecture.     These  surveys  and  commer- 
cial operations  have  been  linnited  to  the  season  of  the  northeasterly  winds,    so  fishing  conditions 
during  the  southwesterlies  are  completely  unknown.     Furthermore,    there  are  no  records  of  the 
fishing  situation  by  species  so  no  catch  rates  can  be  shown  except  for  tunas  and  spearfishes  comi- 
bined.     In  the  reports  of  the  Koho  Maru  and  the  Sasshu  Maru  the  number  of  hooks  is  not  indicated, 
only  the  number  of  baskets  of  gear  having  been  recorded.     The  following  table  shows  the  catch 
rates  based  on  those  data  for  which  the  number  of  hooks  is  known. 

Table  23.  --Fishing  conditions  in  the  Sulu 
Sea 


Nunnber 
of  hooks 

Nunnber 
of  fish 

Catch 
rate 

9,  160 

619 

6.08 

The  catch  rate  is  slightly  greater  than  6.0,   better  than  that  for  the  South  China  Sea, 
which  will  be  discussed  later,    and  even  surpassing  the  year-round  average  for  the  Celebes  Sea. 
Fishing  conditions  encountered  by  the  Koho  Maru  and  Sasshu  Maru  are  shown  in  the  following 
table. 

Table  24. --Fishing  conditions  in  the  Sulu 

Sea  (according  to  the  Koho  Maru 
and  Sasshu  Maru) 


Number  of 
baskets 

Number 
of  fish 

Fish  per   100 
baskets 

2,646 

837 

31.6 

If  we  assume  that  there  were  6  hooks  per  basket,    the  catch  rate  would  be  slightly  less  than  5.  3. 

We  have  no  detailed  knowledge  of  seasonal  changes  in  fishing  conditions,    but  it 
appears  that  fishing  is  good  from  around  the  end  of  the  season  of  southwesterlies  through  the  early 
paj-t  of  the  northeasterlies.     Thereafter  the  fishing  gradually  falls  off  as  the  days  pass  and  it 
appears  that  by  February  and  March  the  catch  rates  fall  to  about  4.  0  to  4.  5,    values  not  greatly 
different  from  those  of  the  Celebes  Sea  region.     At  that  time,    as  has  already  been  remarked,    a 
cold  water  mass  appears  in  the  central  part  of  this  sea  area  and  within  this  cold  water  mass 
fishing  seems  to  be  very  poor,    with  almost  no  catches  made. 

As  already  stated,    the  fishing  situation  for  different  species  is  not  known,   but 
yellowfin  are  the  principal  catch.     It  appears  that  spearfishes  adso  occupy  a  rather  large 
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proportion  of  the  catch,    but  the  percentage  cannot  be  shown  because  no  data  are  available. 
BroadbiU  are  extremely  scarce  and  there  has  been  as  yet  no  report  of  albacore. 

This  sea  area  is  of  small  extent  and  cannot  accommodate  a  large  numbe  r  of  fishing 
vessels  at  the  same  time.     However,    at  some  seasons  it  has  rather  high   catch  rates  and  prob- 
ably can  be  said  to  be  a  good  fishing  ground.     If  it  were  possible  to  have  a  base  in  the  Philippines 
or  in  northeastern  Borneo,    the  fishery  would  be  even  more  profitable.     There  may  be  some 
interference  from  the  weather,    but  it  is  not  of  very  great  importance  and  if  a  base  were  available 
in  this  region,    it  would  be   possible    to  operate  with  quite  small  fishing  vessels. 

4.      South     China  Sea 

This  sea  area  is  bounded  by  the  continent  and  the  islands  of  Borneo,    Palawan,    Luzon, 
and  Formosa.     On  the  south  it  connects  with  the  Sulu  Sea  and  on  the  east  through  the  Bashi  Strait 
with  the  Pacific  Ocean.     On  the  west  it  is  connected  with  the  Gulf  of  Siam.     Along  the  Asiatic 
mainland  the  so-called  continental  shelf  is  developed,    but  the  central  portion  is  deep  and  in  the 
southern  portion  there  are  reef  areas. 

The  pattern  of  the  currents  from  July  through  September,  when  the  southwest  winds 
are  at  their   height,    is  as  follows.     In  the  western  part  of  this  area  there  is  a  current  flowing  from 
the  Java  Sea  region  to  the  waters  off  Annam.     This  current,    which  is  quite  strong,    divides  into 
two  branches  off  Cochin  China.     One  branch  flows  to  the  northeast  along  the  northwest  side  of  this 
area,    while  the  other   flows  in  a  circle  clockwise.     At  the  eastern  side  there  is  a  current  flowing 
north  along  the  island  of  Luzon,    part  of  which  flows  into  the  Pacific  through  the   Bashi  Strait  and 
joins  the  Kuroshio,   while  another  part  flows  north  through  the  Fornnosa  Strait.     There  is  a  weak 
cold  current  along  the  continental  coast,    which  submerges  and  flows  to  the  south. 

o  o  _. 

From  July  to  September  water  temperatures  are  about  28     C.   to  29     C.    at  the 

surface,    and  about  26     C.    at  50  meters.     At  the   100-meter  level  there  is  a  conspicuous  differ- 
ence between  the  continental  side  and  the  portion  east  of  the  nniddle  of  the  area.     The  side  near 
the  continent  has  low  temperatures  of  1  1      C.   to  17     C.    with  a  wide  range  of  variation.     From  the 
middle  of  the  area  east,    particularly  along  Luzon,   tennper atures  are  high,    with  values  of  22     C. 
to  24     C.     Water  color  for  the  most  part  is  I  to  II  on  Forel's     scale  with  consequent  high  trans- 
parencies of  about  30  to  38  meters. 

From  January  to  March,    when  northeast  winds  predominate,    the  currents  are  roughly 
opposite  to  the  pattern  for  the  southwest  monsoon.     There  is  a  strong  current  flowing  southward 
along  the  continent,    and  it  is  said  that  throughout  the  area  as  a  whole  the  circulation  is  in  a 
counterclockwise  direction,    but  it  appears  to  be  rather  complex.     The  current  flowing  north  along 
Luzon  is  weakened  but  continues  in  existence. 

Surface  water  temperatures  are  25     C.   to  26     C.   over  broad  areas,    but  there  are  also 
places  with  about  23     C.      Temperatures  at  the  50-meter  level  are  for  the  most  part    about  23     C, 
with  values  of  1 7     C.   to   18     C.    at  some  localities.     At  the   100-meter  level  water  temperatures 
average  about  19     C.  ,    with  the  lowest  temperature  recorded  being  between  14     C.   and  15     C. 
In  the  general  view  the  distribution  of  water  temperatures   is  clearly  high  in  the  east  ajid  low  in 
the  west,    with  generally  high  temperatures  along  the  Luzon  side  and  conspicuously   lower 
temperatures  off  the  continent.     A  ve  ry  conspicuous  zone  of  low  water  temperatures  appears  in 
the  central  part  of  this  sea  area,    with  tennperatures   2      C.  to  3     C.   lower  than  the  surrounding 
waters.     The  extent  and  position  of  this  cold  water  zone  appear  to  vary  with  the  season  ajid  from 
year  to  year,   but  fishing  is  generally  very  poor  within  this  zone,    showing  a  trend  completely 
identical  with  that  for  the  Sulu  Sea.     Transparencies  also  show  a  tendency  to  be  high  in  the  east 
and  low  to  the  westward,    the  water  color  off  Luzon  being  in  most  cases  I  to  II  on  the  Forel  scale, 
with  transparencies  of  30  to  40  meters  being  most  connmon.     On  the  continental  side  observa- 
tions of  water  colors  of  II  to  III  are  most  numerous,   with  transparencies  in  most  cases  of  20  to 
30  meters. 
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During  the  season  of  southwesterly    winds   the  sea  is  generally  very  calm.     However, 
in  the  typhoon  season  the  paths  of  the  storms  occcisionally  cross  this  sea  area.     Caution  is 
necessary,    particularly  toward  the  beginning  ajid  end  of  the  typhoon  season,   for  at  this  time 
many  typhoons  cross  the  northern  part  of  the  area.     During  the  season  of  northeasterlies  strong 
winds  blow  continuously,    the  seas  are  high,    and  it  is  occasionally  difficult  for  fishing  boats  to 
operate.     Wind  and  seas  are  particularly  high  off  Annam,    making  operations  by  small  boats 
difficult.     The  waters  off  Luzon  are  generally  calm. 

The  history  of  the  development  of  the  tuna  longline  fishery  in  this  area  is  so  closely 
tied  up  with  that  of  the  tuna  fishery  at  Takao  that  they  may  be  said  to  be  the  same  thing.     The  tuna 
longline  fishery  based  at  Takao,    which  started  around  1913  under  the  aegis  of  the  former 
Formosa  Government-Generail,    developed  year  after  year  with  the  South  China  Sea  as  its  prin- 
cipal fishing  ground.     At  first  sailing  vessels  were  used,    but  very  soon  all  the  boats  were 
powered,    beginning  with  vessels  of  about  20  horsepower  and  gradually  increasing  in  size  with  the 
years  until  many  vessels  of  100   tons  and  200  horsepower  were  being  constructed.     In  1936  the 
number  of  vessels  operating  had  increased  to  about  300.     The  fishing  grounds  were  gradually 
extended  to  the  southward  from  the  southern  portion  of  the  Formosa  Strait  and  the  whole  South 
China  Sea  came  within  the  operating    area.     The  boats  then  began  going  farther  into  the  Sulu  Sea, 
Celebes  Sea,    and  East  Philippine  Sea  regions,    and  before  the  war  the  catch  had  surpassed  the 
value  of  15  million  yen  per  year. 

The  fishing  season  is  for  the  most  part  during  the  season  of  northeasterly  winds. 
Vessels  which  had  been  docked  and  overhauled  during  the  typhoon  season  gradually  go  into  opera- 
tion from  the  latter  part  of  September  on  ajid  ordinarily  continue  fishing  until  about  May  of  the 
following  year.     However,    around  June  to  August  a  fishery  for  sailfish  with  the  gear  called 
barennawa  is  carried  on,    so  even  during  the  typhoon  season  fishing  does  not  stop  altogether. 
Beginning  in  1935  there  was  a  rapid  development  of  the  black  tuna  fishery  and  its  fishing  season 
was  from  March  to  early  June.     As  it  became  known  that  many  black  marlin  could  be  taken  during 
the  southwesterlies  the  latter  years  of  the  Japaxiese  occupation  of  Formosa  saw  longline  fishing 
carried  on  almost  throughout  the  year. 

The  following  is  a  general  outline  of  fishing  seasons  and  the  fishing  situation  in  the 
South  China  Sea.     At  the  beginning  of  the  season  around  September  Sonne  catches,    principally 
of  yellowfin,    were  made  in  the  southeastern  portion  of  the  area,    that  is,    the  part  adjacent  to  the 
Sulu  Sea,    and  with  the  passage  of  time  fishing  gradually  became  active  in  the  vicinity  of  Steward 
Bank  and  Macclesfield  Bank,    after  which  the  fishing  suddenly  became  good  all  over  the  whole 
area.     However,    around  January  to  March,    when  a  conspicuous  cold  water  zone  appears  in  the 
central  portion  of  the  area,    as  already  noted,   fishing  becomes  generally  poorer  in  this  central 
area.      Toward  the  end  of  the  fishing  season  the  center  of  the  fishing  grounds  shifts  from  the 
vicinity  of  Dangerous  Ground  to  the  waters  off  Cochin  China  and  Annam,    and  at  this  time  the  fish- 
ing for  spearfishes  becomes  active  from  this  area  to  the  vicinity  of  Hainan  I. 

The  principal  species  in  the  catch  is  the  yellowfin.     Data  from  investigations  covering 
the  whole  year  indicate  that  about  90  percent  of  the  fish  in  the  total  tuna  and  spearfish  catch  of 
the  longline  fishery  in  this  region  are  yellowfin,    the  remaining  10  percent  being  bigeye  tuna 
(?)  and  spearfishes.     However,    this  is  in  the  overall  view  and  as  was  noted  earlier,    the  situation 
is  completely  different  as  regards  the  so-called  barennawa,     which  fishes  especia^y  for  bigeye 
tuna  and  sailfish  or  in  the  case  of  the  fishery  between  the  waters  of  Annam  and  the  Haiinan  I. 
region,    where  spearfishes  are  the  main  objective.      The  foregoing  is  the  situation  which  obtained 
before  the  development  of  the  black  tuna  fishery  in  recent  years.     The  main  component  of  the 
catch  during  the  black  tuna  season  was,    it  goes  without  saying,    black  tuna.     In  recent  years  the 
black  marlin  has  followed  the  black  tuna  in     becoming    abundant  in  the  catch,    and  taking  Formosa 
as  a  whole  it  appears  that  in  recent  years  the  number  of  tunas  and  the  number  of  spearfishes  in 
the  catch  have  been  alnnost  equal  (see  table  7). 

The  first  captures  of  black  tuna  in  this  area  were  in  1935.      Before  that  year  there  are 
no  records  of  this  species  being  taken,   but  it  is  questionable  whether  they  were  completely  ab- 
sent.    Questioning  of  fishermen  at  Takao  at  that  time  revealed  that  every  year  at  about  the  same 
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season  some  large  fish  had  been  biting  on  the  hooks  and  breaking  the  branch  lines  so  that  year 
they  strengthened  the  fishing  gear  and  for  the  first  time  took  black  tuna.     Judging  from  the 
mjinner  in  which  young  black  tuna  appear  from  summer  to  autumn  along  the  coast  of  Japam,    it  has 
been  believed  for  many  years  that  there  was  ample  possibility  of  the  occurrence  of  this  species 
in  this  area. 

A  tendency  has  been  seen  for  the  black  tuna  season  in  the  South  China  Sea  area  to 
become  gradually  earlier  with  the  passage  of  the  years,   but  in  ordinary  years  the  species  begins 
to  be  taken  around  the  middle  or  latter  part  of  March  and  the  fishery  gradually  becomes  more 
active  with  the  passage  of  time,    reaching  its  peak  during  approximately  1  month  from  the  middle 
of  April  to  the  middle  of  May.     Thereafter  the  fishing  gradually  falls  off  until   almost  no  black 
tuna  are  taken  in  the  early  paxt  of  June.     Around  the  end  of  the  fishing  season  in  most  years  some 
fish  axe  caught  east  of  Formosa  Jind  in  the  Ryukyu  area,   from  which  it  is  inferred  that  there  is  a 
rapid  movement  of  the  schools  to  the  northward. 

The  first  catch  is  often  made  along  the   100-fathom  line  in  the  vicinity  of  Platas 
Shoal,    after  which  it  is  said  the  fishing  gradually  shifts  to  the  eastward.     During  the  first  2  or  3 
years  after  this  fishery  was  started  the  grounds  were  confined  to  that  part  of  the  China  Sea  west 
of  the  Bashi  Strait  and  it  was  thought  that  in  general  the  fish  did  not  occur  south  of  Lingayen  Gulf 
(16     N.   latitude).     However,   with  the  passage  of  years  the  fishing  grounds  were  extended  to  the 
eastward  and  it  was  discovered  that  there  were  superior  fishing  grounds  in  the  Pacific  Ocean 
east  of  the   Bataan  and  Babuyan  islands,    while  at  the  same  time  the  grounds  were  extended  to  the 
southwaurd  along  the  east  coast  of  Luzon  until  all  of  the  waters  east  of  Luzon  north  of  1  5     N. 
latitude  became  fishing  grounds. 

There  are  almost  no  data  from  surveys  by  research  vessels  in  the  South  China  Sea 
and  the  East  Philippine  Sea,      but  catch  rates  recorded  by  the  author  aboard  commercial  vessels 
and  those  obtained  from  data  supplied  by  commercial  vessels  to  the  former  Taiwan  Government- 
General  show  catch  rates  of  2.  0  to  3.  0.     As  yellowfin  and  spearfishes  were  taken  in  addition  to 
black  tuna,   the  combined  catch  rate  for  tunas  and  spearfishes  was  6.  0  to  7.  0.     Accordingly  it 
may  be  thought  that  the  longline  fishery  in  the  area  where  black  tuna  were  the  main  object  was 
rather  advantageous  financially.     Before  the  war  fishing  vessels  from  Kagoshima,    Kochi,    and 
other  prefectures  operated  in  May  and  June  fronn  the  waters   east  of  Formosa  to  the  coastal 
waters  of  the  Ryukyu  Islands  and  produced  a  considerable  catch.     Since  the  war  considerable  fish- 
ing has  continued  in  this  region. 

The  black   tuna  of  the  South  China  Sea  region  are  in  general  large  in  size,    most  of 
those  taJcen  around  the  beginning  of  the  season  weighing  300  kilograms  or  more.     Toward  the  end 
of  the  season  the  fish  gradually  becomes  smaller,    but  even  so  examples  of  fish  weighing  less 
than  200  kilograms  are  rare  in  the  catcK     It  bears  no  direct  relationship  to  the  fishery,    but  it  is 
known  that  at  this  season  in  this  sea  area  the  black  tuna  are  spawning. 

This  fishery  was  almost  completely  discontinued  in  the  latter  part  of  World  War  II, 
and  the  post-war  situation  is  completely  unknown,    so  nothing  can  be  said  concerning  the  present 
state  of  the  tishery.     It  appears  possible,    however,    to  discern  a  number  of  phenomena  which 
make  one  wonder  whether  the  black  tuna  fishery  in  this  area  may  not  be  gradually  declining. 
What  is  meant  here  by  a  decline  in  th,e  fishery  is  not  due  to  any  human  cause,    such  as  the  opera- 
tion of  commercial  fishing  vessels,    but  to  a  change  in  the  migrational  pattern  of  the  black  tuna. 
Investigations  in  this  sea  area  by  the  Shonan  Maru,    Takao  Maru,    Zunan  Maru  (forme  r  research 
vessel  of  the  Okinawa  Prefecture  Fisheries  Experiment  Station),    Kiyo  Maru,   the  Gini  Maru 
(research  vessel  of   Mie    Prefecture),   Koho  Maru,    and  Haruna  Mciru  have  been  reported.   Among 
these  are  some  data  which  it  is  already  impossible  to  obtain,   but  those  which  rennain  may  be 
summatrized  to  show  the  fishing  conditions  in  this  sea  area  as  given  in  table  25. 


62 


Table  25.  --Fishing  conditions  in  the  South  China  Sea 


Number 
of  hooks 

Tunas  and  spearfishes 

Sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

119. 074 

5,453 

4.58 

871 

0.73 

In  most  of  the  data  there  are  no  records  of  fishing  conditions  by  species,    so  the  tunas 
and  spearfishes  have  unavoidably  been  lun-iped  together  in  this  table.     The  overadl  catch  rate  is, 
as  shown  in  the  table,    4.  58.     This  value  is  somewhat  below  that    for  the  Sulu  Sea,    and  somewhat 
better  than  that  for  the  Celebes  Sea.     Consequently,    taking  distance  into  consideration,    for 
vessels  based  at  Takao  of  these  three  sea  areas  the  South  China  Sea  is  thought  to  have  the  great- 
est value  as  a  fishing  ground.     It  should  be  thoroughly  noted,    however,   that  in  this  observation 
no  account  whatever  is  taken  of  seasonal  changes  in  the  fishing  situation. 

As  very  few  data  are  available  for  the  season  of  southwesterly  winds,    it  is  difficult 
to  compare  fishing  conditions  in  this   season  with  those  during  the  northeasterlies.     However,    in 
recent  years  the  spearfish  catch  has  been  rather  large  from  May  to  August,     Seasonal  changes 
in  the  density  of  occurrence  of  the  various  species  will  be    discussed    later  in  the  section  headed 
"  Distribution    of  the  Tunas  as  Shown  by  Catch  Rates.  " 

In  the  eairly  days  of  its  development,    the  tuna  longline  fishery  based  at  Takao  used  as 
bait  the  ginkagami  (poito  in  Formosan),    Mene  maculata.     For  this  reason  the  abundance  or 
scarcity  of  the  ginkagami  directly  controlled  the  operation  of  the  tuna  longline  fishery.     However, 
beginning  around  the  end  of  the   Taisho  Era  (1924)  the  sabahi,    Chanos  chanos,    gradually  came  into 
use  and  in  this  way  the  greatest  weakness  of  the  fishery,   that  is,   the  bait  supply,    was  taken  care 
of.     As  is  generally  known,    the  sabahi  is  a  fish  which  is  cultured  in  ponds  in  southern  Formosa. 
As  this  fish  is  cultivated  over  a  broad  area  not  only  in  Formosa  but  in  the  Philippines,    Celebes, 
and  Java,    it  is  thought  to  have  an  important  significance  as  bait  for  this  fishery  in  the  southern 
areas,    where  tuna  longline  bait  is  generally  scarce.     It  may  be  possible  to  solve  the  bait  problem 
of  the  tuna  longline  fishery  based  in  the  various  southern  areas  by  utilizing  this  fish.     Tuna  long- 
line  fishermen  may,   by  a  multiple  operation,    be  able  to  carry  on  at  the  same  time  the  culture  of 
the  sabahi  aind  thus  make  an  even  more  advantageous  solution  of  their  bait  problems. 

As  was  stated  earlier,   there  are  a  number  of  shortcomings  from  the  standpoint  of 
weather  because  of  the  passage  of  typhoons  and  the  strength  of  the  seasonal  northeast  winds,    but 
the  South  China  Sea  can  probably  be  said  to  be  a  superior  fishing  ground.     The  value  of  this  sea 
area  as  a  fishing  ground  would  be  enhanced  particularly  if  it  were  possible  to  get  a  land  base 
somewhere  around  its  shores. 

5.     Waters  around  New  Guinea  and  the  Solomon    Islands   (0     to   1 5     S.  ,    130     to  170     E.) 

That  part  of  the   Banda  Sea  extending  from  New  Guinea  to  130     E.    longitude  has  already 
been  discussed  in  the  section  on  the   Banda  and  Flores  seas  auid  therefore  will  be  omitted  here. 

From  Januciry  to  March,    when  northwesterly  winds  prevail,    the  waters  off  the  north 
coast  of  New  Guinea  have  a  rather  conspicuous  current  flowing  from  northwest  to  southeast. 
This  current  impinges  upon  the;  island  of  New  Britain,    after  which  it  does  not  appear  to  maintain 
a  fixed  direction  of  flow.     On  the  east  side  of  New  Britain  there  is  a  current  flowing  roughly  from 
northwest  to  southeast,    and  in  the  southern  portion  of  the  Solomon  Islands  there  is  a  current 
flowing  generally  southward.     Another  current  flows  generally  northward  along  the  west  side  of 
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the  Solomon  archipelago.     However,   these  currents  are  all  extremely  weak  and  the  islands  make 
thenn  remarkably  complex. 


Water  temperatures  from  the  Equator  to  5     S. 


to  29°  C. 


latitude  are  27 
5°  C.    at  the  50-meter  level,    and  16     C.  to  26     C,    at  100  meters. 


at  the 
surface,  24"  C.  to  28.5"  C.  at  the  50-meter  level,  and  16"  C.  to  2b  C.  at  100  meters.  They 
vary  greatly  from  one  locadity  to  another.  Farther  to  the  south  the  temperatures  are  somewhat 
lower,  but  they  still  appear  to  be  subject  to  wide  local  variation.  Water  color  and  transparency 
also  show  marked  local  fluctuations. 


From  July  to  September,   the  season  when  the  southeast  winds  are  strong,   the 
currents  generally  flow  from  east  to  west  ajid  their  strength  becomes  more  marked.     Under  the 
influence  of  the  topography  the    direction    of  the  currents  varies  somewhat  from  place  to  place, 
but  throughout  the  sea  axea  as  a  whole  the  currents  clearly  flow  from  east  to  west. 

Few  data  are  available  to  show  the  water  temperatures  and  other    hydrographic 
conditions,    and  it  is  impossible  to  examine  them  in  detail,   however,    in  the  vicinity  of  the 
Equator  the  teniperatures  appear  to  be  about  28     C.   to  29     C.   at  the  surface,    about  28     C.    at  50 
meters,    and  20     C.   to  26     C.    at  the   100-meter  level.     It  is  deduced  that  in  the  southern  part  of 
the  Solomons  Jirea  the  temperatures  will  be  somewhat  lower  than  during  the  season  of 
northwesterly  winds. 

It  appears  that  during  the  season  of  northwesterly  winds  the  area  off  the  north  coast 
of  New  Guinea  has  rather  high  winds  and  rough  seas,    and  operating  nnay  be  difficult  at  times. 
The  seas  of  the  Solomon  Islands  region  are  generally  calm.     It  seems  that  during  the  season  in 
which  the  southeasterly  winds  prevail,    the  wind  and  sea  in  the  Solomon  Islands  region  axe  high 
and  from  time  to  time  fierce  squalls  visit  the  area  so  that  care  is  probably  necessary  in  conduct- 
ing fishing  operations.     Off  the  north  coast  of  New  Guinea  the  sea  is  extremely  calm. 

Data  for  this   area  are  principally  those  reported  by  the  HakuyB  Maru.     Some 
investigations  were  also  carried  on  by  the   Zuiho  Maru  euid  the  Kiyo  Maru.      The  following  table 
summzirizes  these  data. 

Table  26.  --Fishing  conditions  in  the  waters  around 
New  Guinea  and  the  Solomon  Islands 


Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfishes 

Tunas  and 
spearfishes 

Sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

31,992 

1,674 

5.24 

97 

0.30 

312 

0.66 

1,866 

5.90 

558 

1.74 

The  overall  catch  rate  is  5.9,    a  rather  high  figure.     The  above  table  also  includes 
some  data  from  the  Banda  Sea  area  east  of  130     E.   longitude.     It  can  hardly  be  considered  rea- 
sonable to  discuss  simultaneously  two  completely  different  sea  areas.     Consequently,   the  data 
of  the  above  table  have  been  divided  into  those  for  the  BaJida  Sea  area  and  those  for  the  Pacific 
region  and  are  presented  in  the  following  two  tables. 
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Table  27. --Fishing  conditions  in  waters  off  New 
Guinea  (Banda  Sea  side) 


Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfish 

Total 

Sharks 

Number 
of  fish 

Catch 
rate 

Nunriber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Nun-iber 
of  fish 

Catch 
rate 

9.600 

1,016 

10.58 

32 

0.33 

22 

0.23 

1,070 

11,  15 

64 

0.67 

Table  28. --Fishing  conditions  in  waters  off  New 
Guinea  and  the  Solomon  Islands 
(Pacific  Ocean  side) 


Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfish 

Total 

Sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 

rate 

22, 392 

658 

2.94 

65 

0.29 

190 

0.85 

913 

4.08 

494 

2.21 

As  tables  27  and  28  show,   there  are  conspicuous  differences  between  the  catch  rates 
in  the  two  areas.     And  not  only  can  differences  in  the  fishing  conditions  be  detected,    but  there 
are  also  conspicuous  differences  in  the  composition  of  the  catch. 

The  Banda  Sea  catch  rates  are  rennarkably  high,    and  the  composition  of  the  catch  is 
similar  to  that  of  the  Banda  Sea  and  the  Flores  Sea  already  described  (see  table   18).     On  the 
Pacific  Ocean  side  the  catch  rates  are  low  and  yellowfin  are  scarce  while  the  spearfishes  are 
much  more  numerous.     There  is  also  a  marked  increase  in  the  number  of  sharks  on  the  Pacific 
Ocean  side. 

The  fishing  situation  in  the  waters  adjacent  to  the  Solomon  Islands  shows  a  tendency 
for  a  decline  in  the  number  of  yellowfin  in  the  catch  as  one  goes  south  from  the  vicinity  of  the 
Equator.     This  trend  is  just  like  that  which  can  be  seen  in  the  northern  hemisphere.     It  appears 
that  there  is  also  a  tendency  for  the  catch  of  sharks  and  spearfishes  to  increase  as  the  opera- 
tions come  closer  to  islands.     Considered  seasonally,    it  appears  that  fishing  is  somewhat  poorer 
during  the  northwester  lies  than  during  the  season  of  southeasterly  winds,    but  it  is  difficult  to 
make  a  thorough-going  comparison  because  of  the  paucity  of  data. 

Before  the  war  vessels  based  at  Misaki  were  crossing  the  Equator  to  fish  as  far  away 
as  the  north  coastal  waters  of  New  Guinea.     During  the  war,    just  as  in  other  areas,    a  large 
number  of  vessels  appear  to  have  been  active  in  this  region  with  the  object  of  supplying  the 
military  forces,    but  no  data  remain  from  these  operations.     At  present  no  boats  from  Japan  are 
fishing  in  the  area  and  as  the  tuna  fishery  is  completely  undeveloped  in  these  islands,    it  is  be- 
lieved that  these  waters  are  being  completely  neglected  as  fishing  grounds.     Seasonal  variations 
in  the  fishing  situation  are  as  yet  not  well  known,   but  it  is  thought  that  there  is  ample  possibility 
that  this  sea  area  can  afford  superior  fishing  grounds  at  some  seasons. 
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6.     Southern  part  of  former  South  Seas  Mandate  (0  to   10     N. 


130°  to   170°  E. 


) 


The  current  syatems  of  this  area  fronn  south  to  north  are  the  South  Equatorial 
Current,    the   Equatorial    Countercurrent,    and  the  North  Equatorial  Current.      The  boundary  between 
the  South  Equatorial  Current  and  the  Equatorial  Countercurrent  is  from  the  vicinity  of  the 
Equator  to  about  3     N.    latitude  and  the  boundary  between  the  Equatorial  Countercurrent  and  the 
North  Equatoriad  Current  is  between  5     and  8     N,    latitude.      The  boundaries  between  these  cur- 
rents  are  not  straight    lines    but  change  with  the  topography  and  the  season,    however,    in  general 
they  parallel  the  parallels  of  latitude.     They  are  generally  pushed  to  the  southward  during  the 
season  of  northeast  winds  and  tend  more  or  less  northward  during  the  season  of  southwesterly 
winds.    The  pattern  of  the  current  in  the  vicinity  of  130     E.    longitude,   that  is,    at  the  western 
extremity    of  this  area,    is  affected  by    the  proximity  to  land  and  is  remarkably  complex. 

The  following  table  shows  nnonthly  changes  in  water  tennperatures  based  on  data  from 
observations  made  at  fixed  stations  by  the  former  South    Seas  Governnnent-General  Fisheries 
Experiment  Station  in  the  vicinity  of  7      10'  N,,    134     30'  E. 

Table  29.  --Water  temperatures  for  each  month 
(7°  10'  N.,    134°  30"  E.) 


Depth  in 

meters 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep, 

Oct. 

Nov. 

Dec. 

0 

28.56 

28.  15 

28.40 

28.82 

29.35 

29.  31 

29.  14 

28.85 

29.  13 

29.43 

29.32 

29.05 

50 

27.50 

27.54 

28.08 

28.61 

28.80 

28.  55 

29.07 

28,67 

29.06 

29.12 

28.93 

28.51 

100 

23.31 

22.48 

24.45 

25.  92 

24,93 

25.  15 

24.92 

26.  12 

25.64 

26.04 

25.37 

23.44 

Surface  water  temperatures  are  high  in  May  and  June  and  in  October  and  November, 
low  in  February  and  March,    and  they  also  drop  somewhat  in  August.      The  50-meter  level  shows 
high  temperatures  above  29     C.    in  July  and  September  and  October,   while  in  January  and 
February  the  temperatures  at  this  level  are  lowered  to  27.  5     C.     At  the   100-meter  level  the 
water  temperature  rises  above   26     C.   in  August  and  in  October,    and  in  February  it  reaches  its 
lowest  point  with  readings  between  22     C.   and  23     C.     Water  color  is  I  or  II  on  Forel's  scale  and 
transparencies  are   30  to  40  meters. 

During  the  season  of  southerly  winds  the  sea  is  extrennely  calm,    and  this  is  called  the 
calm  season.     During  the  season  of  northeasterly  winds  the  wind  cind  waves  sometimes  rise 
rather  high  cuid  it  appears  that  at  times  difficulty  is  experienced  in  fishing. 

After  the  South  Sea  islands  in  this  region  became  a  Japanese  mandate,    attention  was 
first  given  to  the  skipjack  grounds  and  efforts  were  made  to  develop  them.     As   a  result  skipjack 
fisheries  were  fairly  well  developed  on  the  grounds   around  the  coasts  of  the  various  islands. 
However,    the  bait  problem  was  not  solved  and  the  fishery  was  always  in  difficulties  because  of  the 
uncertain  bait  supply  and  economic  factors  such  as  the  falling  price  of  the    product   (mainly  dried 
skipjack). 

The  former  South  Seas  Government-General,    with  the  support  of  the  Ministry  of 
Agriculture  and  Forestry,   undertook  the  investigation  ajud  development  of  tuna  longlinlng  grounds 
in  this  region,   but  for  a  long  time  they  attracted  very  little  attention.     It  appears  that  the  reason 
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the  investigations  had  poor  results  at  first  and  that  it  consequently  was  not  understood  that  there 
were  excellent  fishing  grounds  in  this  region  was  mainly  the  unsuitable  construction  of  the  fish- 
ing gear.     The  gear  in  use  at  that  time  was  exactly  the  same  in  construction  as  that  used  in 
Japanese  coastal  waters.     Consequently  it  was  unsuited  to  the  markedly  different  environment 
afforded  by  the  waters  of  this  area;  it  is  said  that  the  branch  lines  were  too  short  and  did  not 
reach  the  level  at  which  the  tunas  swim. 

Gradually  measures  were  tciken  to  improve  the  methods  of  investigation,    aind  it  was 
made  clear  that  this  region  affords  excellent  fishing  grounds,    which  were  thus  finally  brought  to 
the  attention  of  the  industry.     The  direct  motive  for  the  sudden  development  of  the  fishing 
grounds  of  this  region  was  the  full   load  of  yellowfin  brought  back  in  1936  by  the  Hidekichi  Maru 
(90  tons)  based  at  Misaki  in   Kanagawa   prefecture.     Stimulated  by  this,   the  large  fishing  boats 
based  at  Misaki  began  competing  to  fish  on  these  grounds.     Some  mention  of  the  history  of  this 
fishery  has  already  been  made  in  preceding  chapters. 

Fishing  ground  surveys  and  fishing  experiments  in  this  region  were  carried  on  by  the 
former  South  Seas  Government-General  Fisheries  Experiment  Station  with  its  research  vessels 
Hakuo  Maru  and  Zuiho  Maru.     Later  when  this  region  was  being  exploited  as  a  longlining  ground 
for  tuna,    principally  yellowfin,    a  large  nunnber  of  prefectural  reseeirch  vessels  also  operated 
there  and,    as  the  following  table  shows,    the  data  from  their  researches  are  quite  abundant. 

Table  30.  --Fishing  conditions  in  the  southern  portion 
of  the  former  South  Seas  Mandate  (0     - 
10°  N. ,    130°  -   170°  E.) 


Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfishes 

Total 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

647, 689 

21,870 

3.38 

3,285 

0.51 

4,752 

0.73 

29,907 

4.62 

Note:     The  figure  for  yellowfin  also  includes   142  albacore. 


data. 


The  situation  as  regards  sharks  is  not  clear  because  there  are  many  omissions  in  the 
However,    calculations  based  on  considerable  material  give  a  catch  rate  of  about  1.5. 


As  for  the  composition  of  the  catch  of  tunas  and    spearfishes,   yellowfin  were  most 
numerous  forming  slightly  under  74  percent  of  the  whole.     Spearfishes  were  slightly  more  than 
15  percent  and  bigeye  tuna  were   11  percent.     In  addition  a  very  snnall  number  of  albacore  were 
caught,    amounting  to  about  0.6  percent  of  the  yellowfin.     On  the  whole  the  catch  rates  in  this 
area  are  somewhat  better  than  in  the  Pacific  coastal  waters  of  New  Guinea  or    the  Solomon 
Islands,    and  not  greatly  different  from  those  of  the  South  China  Sea  or  the  Celebes  Sea. 

There  appear  to  be  fairly  conspicuous  differences  in  the  fishing  conditions  in 
different  parts  of  this  region.     The  following  table  shows  a  comparison  of  fishing  conditions  north 
and  south  of  the  line  of  5     N.   latitude. 
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Table  31.  --Comparison  of  fishing  conditions  on  either 
side  of  the  line  of  5  N.  latitude  (southern 
part  of  former  South  Seas  Mandate) 


Area 

Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfishes 

Total 

Number 
of  fish 

Catch 
rate 

Number 
offish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

0°  -  5°  N. 

o          o 

5     -10     N. 

417,851 
229,838 

16,706 
5,022 

3.99 
2.  19 

2,059 
1,226 

0.49 
0.53 

2,928 
1,  824 

0.70 
0.79 

21,819 
8,088 

5.22 
3.52 

Note:     Longitude  is  not  taken  into  consideration  in  this  table. 

The  above  table  shows  the  existence  of  a  rather  conspicuous  difference  in  fishing 
conditions  in  the  two  areas.  However,  the  reason  for  this  difference  is  the  difference  in  the 
catch  rate  for  yellowfin.     The  catch  rates  for  bigeye  tuna  and  speaurfishes  do  not  differ  greatly 

between  the  two  areas,    and,    contrary  to  what  occurs  with  the  yellowfin,    there  is   some  tendency 

o 
for  the  catch  rates  to  improve  for  these  species  in  the  area  north  of  5     N.    latitude.     Consequent- 
ly it  appears  that  the  significance  of  this  area  as   a  fishing    ground  differs   somewhat  north  and 
south  of  the  line  of  5     N.   latitude.     The  reason  for  this  is  that  south  of  5     N.   latitude  most  of 
the  area  is  in  the  Equatorial  Countercurrent,    while  north  of  5     N.   it  is  partly  in  the  Counter- 
current  but  mainly  in  the  North  Equatorial  Current.     Thus  the  two  areas  are  in  different  current 
systems.     From  the  foregoing  facts  it  can  be  seen  that  the  yellowfin  are  distributed  in  a  very 
great  density  in  the  Equatorial  Countercurrent  and  that  their  density  of  distribution  falls  off 
sharply  in  the  North  Equatorial  Current. 

If  this  region  is  divided  into  four  pcirts,    each  comprising  10     of  longitude,    and  if  the 
fishing  conditions  within  these  divisions   are  compared  as   in  the  following  table,    it  appears  that 
there  is  also  some  difference  in  fishing  conditions  from  east  to  west. 

Table  32.  --Fishing  conditions  in  the  region  divided 
into  areas  of  10  of  longitude  (southern 
part  of  former  South  Seas  Mandate) 


Area 

Numbei 
of  trials 

Number 
of  hooks 

Yellowfin 

Bigeye 

Spearfis 

hes 

Totals 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

130°-140°E. 
140°-150°  E. 
150°-160°  E. 
160°- 170°  E. 

212 

214 

262 

8 

88, 189 

207,735 

348,951 

2,814 

2,413 

6,907 

12,450 

100 

2.74 
3.32 
3.57 
3.55 

81 
1,098 
2,090 

16 

0,09 
0.53 
0.60 
0.57 

311 
2,  088 
2.342 

11 

0.35 
1.00 
0.67 
0.39 

2,805 

10,093 

16,882 

127 

3.18 
4.85 
4.84 

4.51 

Note:     The  albacore  are  included  in  the  figures  for  yellowfin. 
four  areas  from  top  to  bottom  are  4,    2,    136,    «ind  0. 


Their  respective  numbers  in  the 
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There  are  remarkably  few  data  for  the  area  from  160     to   170     E.  ,    so  that  it  is 
impossible  to  compjire  it  with  the  areas  farther  to  the  west.     For  the  whole  region  the  areas 
centered  on  150     E.   longitude  show  the  highest  catch  rates.      The  majority  of  the  catch  is  com- 
posed   of  yellowfin  in  all  of  the  areas.     Except  for  the  extreme  western  portion,   there  is  little 
discernible  variation  in  the  yellowfin  catch  rates.     In  the  case  of  the  bigeye  tuna,   it  appears 
that  there  is  a  tendency  for  the  catch  rates  to  increase  as  one  goes  eastward.     The  catch  rate  for 
spearfishes  is  highest  in  the  vicinity  of  the  area  of  140     to  150     E.    longitude,    that  is  west  of  the 
Caroline  Islands.     The  jilbacore  was  scarce  everywhere,    but  was  markedly  more  abundcint  in  the 
waters  of  the  Caroline  Islands  than  in  the  other  areas. 

Table  32  is  based  on  data  collected  in  the  past  2ind  it  completely  ignores  fluctuations 
from  year  to  year  in  the  fishing  conditions,    seasonal  changes  in  catch  rates,    differences  in  the 
longitude  of  the  points  surveyed,    cind  changes  in  the  catch  due  to  the  construction  of  the  fishing 
gear.     Of  these  variables,   the  changes  from  year  to  yesir  in  the  fishing  conditions  cannot  be 
discussed  with  the  data  we  have  at  our  disposal.     Nor  do  we  have  data  which  will  enable  us  to 
make  any  judgments  concerning  the  changes  in  fishing   conditions    brought  about  by  differences 
in  the  construction  of  the  gear.     The  fact  that  there  Jire  violent  fluctuations  in  fishing  conditions 
due  to  latitude  was  shown  in  table  31  and  it  is  naturally  to  be  imagined  that  there  will  be  conspic- 
uous changes  in  the  fishing  situation  accompanying  the  chjmge  of  seasons. 

In  order  to  see  the  effect  of  latitude  on  the  differences  shown  in  table  32,   the  following 
table  presents  the  same  east-west  divisions  further  divided  by  the  line  of  5     N.   latitude  into 
northern  and  southern  portions. 

Table  33. --Fishing  conditions  in  divisions  of  10     of 
longitude  on  either  side  of  the  line  of  5 
N.   latitude  (southern  part  of  former  South 
Seas  Mandate) 


Area 

0°  -  5°  N. 

5°  -  10°  N. 

Number  of 
stations 

Numbe  r 
of  hooks 

Nunnber 
of  fish 

Catch 
rate 

Number  of 
stations 

Nunnber 
of  hooks 

Number 
of  fish 

Catch 
rate 

130°-140°E. 
140°-150°E. 
150°-160°  E. 
160°-170°E. 

49 

97 

180 

4 

39,  514 

121, 074 

255, 169 

2,094 

1,602 

7,022 

13,080 

115 

4.05 
5.80 
5.12 

5.49 

163 

117 

82 

4 

48,675 

86,661 

93,782 

720 

1,203 

3,071 

3,802 

12 

2.47 
3.54 
4,05 
1.67 

Note:    The  catch  rates  are  combined  for  tunas  and  spearfishes. 

Leaving  out  of    consider ation  the  area  east  of  160     E.   longitude  because  of  the  lack  of  data,    the 
highest  catch  rates  south  of  5     N.   latitude  were  in  the  area  between  140°  and  150°  E.   longitude. 
North  of  5     N.   latitude  the  highest  catch  rates  were  between  150     and  160     E.     Catch  rates  were 
low  between  130     and  140     E.   both  north  and  south  of  5°  N. 

In  order  to  see  how  the  data  in  table  32  are  affected  by  seasonal  chcinges  in  the  fishing 
conditions,   the  following  table  has  been  made  using  the  same  areas  as  table  32  and  dividing  the 
data  according  to  whether  they  represent  the  season  of  southwesterly  or  northeasterly  winds. 
The  area  between  160     and  170     E.  ,   for  which  little  data  is  available,    has  been  eliminated  from 
this  table. 
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Table  34.  — Seasonal  fishing  conditions   (southern  part 
of  former  South  Seas  Mandate) 


Area 

Season  of  northeasterlies 

Season  of  southwesterlies 

Number 
of  hooks 

Number 
of  fish 

Catch 
rate 

Number 
of  hooks 

Number 
of  fish 

Catch 
rate 

130°  -   140°  E. 
140°  -   150°  E. 
150°  -   160°  E. 

48,431 
202,725 
253,067 

1,  209 
10,014 
11,254 

2.50 
4.95 
4.45 

38, 714 

5,010 

95,  894 

1,  594 

79 

5,628 

4.  12 
1.58 
5.87 

Total 

504,223 

22,477 

4.46 

139,618 

7,  301 

5.24 

Notes:       1.     Southwesterly  winds --April  to  September 
Northeasterly  winds --October  to  March 

2.     The  catch  rates  are  for  tunas  and  spearfishes  combined. 

In  general  there  are  much  fewer  data  for  the  season  of  southwesterly  winds  thaji  for 
the  northeasterlies,   the  difference  being  particularly  notable  in  the  area  of  140     to  150     E.     In 
this   cirea  fishing  conditions  during  the  southwesterlies   are  much  inferior  to  those  during  the 
season  of  northeasterly  winds,    but  in  the  other  regions  the  contrary  is   true,     with  the  southwest- 
erlies Jiffording  the  better  fishing.     On  the    whole,    catch  rates  during  the    southwesterlies   have 
values  a  little  less  thcin  1  percent  greater  than  those  for  the  season  of  northeast  winds.     Not  only 
are  data  for  the  season  of  southwesterly  winds  in  the  area  140     to  150     E.   very  scarce,   but 
what  data  there  are  are  naainly  from  north  of  5     N.    latitude.     These  data  were  collected  mainly 
by  the  research  vessels  of  the  South  Seas  Government   General  Fisheries  Research  Station  and 
most  of  them  are  among  the  earliest  such  data  collected  in  this  region.     Consequently  the  poor 
fishing  due  to  the  construction  of  the  gear  must  be  taken  into  consideration.     If  we  can  assume 
that  this  is  the  reason  for  the  fishing  in  the  area  of  140     to  150     E.   being  so  poor  in  comparison 
with  the  other  areais,    we  can  conclude  that  for  the   southern   portion  of  the  former  South  Seas 
Government   General  as  a  whole  fishing  is  better  during  the  southwest  seasonal  winds  than  during 

the  northeasterlies.      The  question  slb  to  whether  or    not  fishing  conditions  differ  markedly  in  the 

o  o 

area  of  140     to  150     E.   in  comparison  with  other  areas,   or  in  other  words  whether  the  distribution 

and  migration  of  the  fishes  within  this  area  differ  from  those  of  other  areas,    will  be  difficult  to 

decide  unless  future  investigations  provide  nnore  complete  data. 

o  o 

If  we  again  look  at  table  32,   we  see  that  the  region  between  130     and  140     E. 

longitude  has  a  catch  rate  somewhat  inferior  to  those  of  the  other  areas.      However,    area-wise 
the  data  for  this  section  are  mostly  from  north  of  5     N.   latitude  and  as  regards  the  season,   the 
proportion  of  data  from  the  season  of  southwest  winds  is  greater  than  in  the  case  of  other  regions. 
It  must  further  be  noted  that  these  data  were  mainly  collected  during  the  first  part  of  the  research 
program  of  the  South  Seas  Government   General.     As  will  be  explained  later,   fishing  conditions 
in  the  East  Philippine  Sea,   which  is  the  westward  continuation  of  this  area,    appear  to  be  rather 
good.     Taking  all  these  facts  into  consideration,    it  can  be  thought  that  the  area  from  the  Equator 
to  10     N.   in  the  Pacific,    at  least  as  fair  east  as  the  area  around  170     E.    longitude,    shows  little 
variation  in  the  value  as  fishing  grounds  of  its  various  portions.     Of  course,   taking  into  con- 
sideration changes  in  the  ocean  currents  brought  about  by  islands  and  other  topographical  fea- 
tures,  it  cannot  be  thought  that  this  broad  expanse  of  ocean  is  completely  homogeneous  as  regards 
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its  value  as  a  fishing  ground.     Furthermore,    as  regards  the  catch,   the  bigeye  tuna  show  a 
tendency  to  increase  toward  the  eastward,    the  spearfishes  are  most  abundant  in  areas  compara- 
tively close  to  islands,    and  the  abundance  of  the  albacore  seems  to  be  somewhat  localized. 
From  these  points  of  view,    it  cannot  be  affirmed  that  all  parts  of  this  region  have  the  same 
characteristics  as  fishing  grounds. 

Table  34  shows  in  very  broad  terms  the  changes  in  the  fishing  situation  accompanying 
the  change  of  seasons  by  dividing  the  data  between  the  two  halves  of  the  year.     Needless  to  say, 
if  the  data  were  more  adequate,    it  would  be   possible    to  get  a  more  accurate  grasp  of  the  sea- 
sonal changes  in  the  fishing  conditions  by  a  more  detailed  breakdown  of  seasons  and  areas.     As 
there  are  very  few  areas  for  which  data  adequate  to  this  end  have  been  gathered,    a  thorough 
analysis  is  impossible.     In  connection  with  this  point,    some  comments  have  been  made  under  the 
heading  "The  Distribution  of  the  Tunas  as  Shown  by  Catch  Rates."     For  one  part  of  this  area  the 
fishing  situation  by  months  is  shown  by  the  following  table. 

o  o 

Table  35.  --Fishing  conditions  by  months   (0     -   10     N 

150°  -   160°  E) 


Number  of 

Number 

Yellowfin 

Bigeye 

Spearf 

shes 

Total 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Month 

stations 

of  hooka 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

r— 

37 

42,915 

949 

2.20 

430 

1.00 

257 

0.60 

1,  636 

3.80 

Feb. 

25 

30,902 

304 

0.98 

120 

0.68 

176 

0.57 

690 

1.61 

Mar. 

12 

12,455 

638 

5.  12 

3 

0.02 

58 

0.47 

699 

5.61 

Apr. 

14 

18,  110 

576 

3.  18 

67 

0.37 

116 

0.64 

759 

4.  19 

May 

16 

26, 028 

1,  521 

5.84 

65 

0.25 

149 

0.  57 

1,  735 

6.67 

June 

-- 

-- 

-- 

.- 

-- 

-- 

-- 

-- 

-- 

-- 

July 

19 

33,405 

1,721 

5.  15 

171 

0.  51 

191 

0.57 

2,  083 

6.23 

Aug. 

4 

7,  126 

297 

4.  17 

53 

0.74 

62 

0.87 

412 

5.  78 

Sept. 

6 

10, 225 

559 

5.47 

152 

1.49 

73 

0.  71 

784 

7.67 

Oct. 

29 

39. 985 

1,639 

4.  10 

197 

0.49 

329 

0.82 

2,  165 

5.41 

Nov. 

51 

63,202 

2.509 

3.97 

348 

0.  55 

493 

0.  78 

3,  350 

5.30 

Dec. 

45 

54, 593 

2,002 

3.67 

368 

0.67 

292 

0.54 

2,662 

4.88 

As  records  on  the  measurements  of  the  individual  fish  in  the  catch  are  inadequate,    it 
is  not  possible  to  make  any  comparisons  of  their  areal  or  seasonal  variations.     To  summarize 
very  roughly,   yellowfin  of  around  35  to  37  kilograms  are  generally  most  numerous,    those  from 
20  to  30  kilograms  and  above  40  kilograms  appearing  to  be  scarce.     A  consideration  of  a  certain 
amiount  of  data  makes  it  appear  that  there  sire  seasonal  changes  in  the  size  of  the  fish,    but  nothing 
is  known  for  certain. 

As  was  stated  earlier,   this  region  affords  rather   superior  fishing  grounds  for  tuna 
longline  fishing.     The  most  important  species  in  the  catch  is  the    yellowfin  tuna,    followed  by  the 
spearfishes.     Chjinges  in  fishing  conditions  accompanying  chcinges  in  the  seasons  can  be  detected, 
but  these  changes  are  comparatively  slight,    showing  that  these  are  generally  stabilized  fishing 
grounds  throughout  the  year. 


o  o 

Northern  part  of  former  South  Seas  Mandate  (10     to  20     N. 


130°  to  170°  E.) 


This  region  is  in  the  North  Equatorial  Current  so  there  are  no  great  changes  in  the 
currents  throughout  the  ye£ir,   the  water  always  flowing    from  east  to  west.     In  the  vicinity  of 
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145     E.   longitude,    that  is  in  the  waters   around  the  Mariana  Islands,    they  take  on  a  rather 
complicated  aspect  due  to  the  influence  of  the  topography,    and  northward  and  southward  flowing 
currents  appear.     In  the  extreme  western  portion  of  this  region,    which  is  at  the  source  of  the 
Kuroshio,    the  current  runs  approximately  northwest. 

,0  o 

Water  temperatures  during  the  northeast  monsoon  are  26     C.    to  27     C.    at  the 

surface.     Temperatures  at  the  50-nneter  level  do  not  differ  greatly  from  the  surface,    and  temper- 
atures at  the    100-meter  level  are  approximately  the  same.     During  the  southwest  monsoon  sur- 
face water  temperatures  are  28     C.   to  29     C.  ,   temperatures  at  the  50-meter  level  do  not  differ 
greatly  from  those  at  the  surface,    and  the  temperature  at  the   lOO-nneter  level  is  about  27     C. 

Water  color  throughout  the  year  is  I  or  II  in  the  Forel  scale  and  the  transparency  is 
high,   being  35    to  40  meters  in  most  cases. 

During  the  height  of  the  season  of  northeasterly  winds,    rather  strong  winds  blow 
continuously  in  the  western  portion  of  this  region,    but  it  becomes  somewhat  calnner  as  one  pro- 
ceeds eastward.     During  the  season  of  southwesterly  winds  the  sea  is  generally  extrennely  calm, 
but  during  the  typhoon  season  storms  often  originate  in  this  area.     In  this  part  of  the  ocean 
typhoons  generally  move  westward  or  northwestward  and  nnany  of  them  pass  through  the  western 
portion  of  the  region,    so  care  on  this  point  is  necessary  in  operating  there. 

The  significance  and    value  of  this  area  as  a  fishing  ground  is  as  yet  almost  completely 
unknown.     Actual  fishing  operations  have  been  carried  on  only  around  the  Marianas  and  data 
from  surveys  and  fishing  experiments  are  confined  almost  entirely  to  that  vicinity;  consequently 
it  is  innpoasible  to  ascertain  the  fishing  conditions  throughout  the  region  as   a  whole.     A  tabular 
summary  of  these  data  follows. 

The  general  overall  catch  rate  is  2.5,    and  the  catch  rates  are  conspicuously  low  in 
comparison  with  those  between  0     and   10     N.    latitude. 

Table  36.  --Fishing  conditions  in  the  northern  part  of  the 
former  South  Seas  Mandate  (10     to  20     N.  , 
130°  to   170°  E.  ) 


Number 

of 
stations 

Number 
of 
hooks 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Total 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catcl 
rate 

98 

65, 811 

382 

0.58 

152 

0.23 

113 

0.  17 

1,  004 

1.52 

1,  651 

2.51 

The  reason  for  the  lowering  of  the  catch  rates  in  comparison  with  the  southern  portion 
of  the  former  South  Seas  Mandate  is  the  decline  in  the  yellowfin  catch.     The  catch  rate  for 
yellowfin  is  about  one-sixth  that  of  the  former  sea  area,    and  even  the  rate  for  bigeye     tuna  is  re- 
duced by  about  half.       On  the  other  hand,   the  spearfish  catch  rate  is  approximately  double  and 
there  is  also  a  rather  conspicuous  increase  in  the  albacore  catch.     Thus  it  should  be  noted  that 
not  only  are  the  catch  rates  different  as  between  the  two  areas,    but  the  composition  of  the  catch 
is  also  quite  different.      This  is  thought  to  mean  that,    as  was  previously  noted  for  the  Indian 
Ocean  region,    the  distribution  of  these  fishes  is  controlled  more  by  differences  in  water  systems 
than  by  temperature. 

Since  the  data  are  almost  entirely  confined  to  the  period  December  to  February,    it  is 
unfortunately  not  possible  to  give  any  explanation  of  the  seasonal  chaJiges  in  fishing  conditions. 
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However,    judging  by  the  activities  of  commercial  fishing  vessels,    fishing  for  striped  marlin  and 
black  marlin  is  rather  good  in  the  northern  Marianas  from  this  period  to  around  March  or  April. 
And  it  appears  that  quite  a  few  medium-sized  vessels  have  operated  at  this  season  in  this  area 
and  somewhat  to  the  eastward, 

o 

The  Ogasawara  Islands  area  to  the  north  and  the  western  Pacific  north  of  25     N. 

latitude  have  been  gradually  subjected  to  exploitation  over  a  long  period  of  years,    but  because  of 
the  sudden  development  of  the  fishing  grounds  of  the  southern  part  of  the  former  South  Seas 
Majidate,   the  fishermen  skipped  over  the  area  presently  under  discussion  and  went  directly  to  fish 
in  the  vicinity  of  the    Equator.     As  a  result  the  fishing  grounds  of  this  region  have  been  left  with 
hardly  any  attention  paid  to  them  and  their  significance  and  value  as  fishing  grounds  have  been 
left  almost  completely  unknown, 

8.     East  Philippines  Sea  (0°  to  30°  N..    120     to  130°  E.) 

The  area  between  0     and  20     N.    at  120     to  130     E.  ,    excluding  those  waters  belonging 
to  the  Celebes  Sea,   Sulu  Sea,    and  South  China    Sea,    will  be  described  as  the  East  Philippines  Sea. 

That  part  of  the  Jirea  north  of  5     N.   latitude  outside  the  coastal   zone  of  the  Philippine 
Islands  is  the  so-called  Philippine  Trench,    which  is  extremely  deep  and  without  any  reefs  or 
shoals  on  the  bottonn.     South  of  5     N,    latitude  there  are  scattered  snnall  islands  and  both  the 
topography  and  the  oceanographic  conditions  are  complex. 

During  the  season  of  southwest  winds  the  part  of  this  region  between  10     and  15     N. 
latitude  lies  within  the  North  Equatorial  Current.     Because  of  the  impingement  of  this  westward 
flowing  current  upon  the  Philippine  Islands,   the  currents  in  waters  adjacent  to  the  Islands  are 
quite  complex.     North  of  15     N.    latitude  the  currents  flow  generally  north  or  northwest,   forming 
the  origin  of  the  Kuroshio  (Japan  Current).     South  of  10     N.   the  currents  turn  south  or  south- 
eastward,  part  of  them  entering  the  Celebes  Sea  and  the  rest  flowing  into  the  Equatorial  Counter- 
current  together  with  the  current  which  flows  north  to  the  Molucca  Strait. 

North  of  the  central  portion  of  the  area  the  water  temperatures  are  generally  high, 
with  temperatures  from  May  to  September  of  28     C.   to  29     C.    at  the  surface,    about  28     C.    at  50 
meters,    and  about  27     C.   at  100  meters.     In  the  southern  portion  the  vertical  distribution  of 
water  temperatures  is  remarkably  complex,    with  occasional  temperatures  of  about  20     C,   re- 
ported for  the  100-meter  level.     This  condition  is  particularly  marked  in  those  areas  adjacent  to 
the  Molucca  Strait,    and  it  appears  that  in  many  cases  there  are  two  to  three  marked  thermoclines 
between  the  surface  and  about  200  meters.     In  most  cases  water  color  of  I  to  II  on  Forel's  scale 
and  high  transparencies  of  30  to  40  meters  have  been  recorded. 

During  the  season  in  which  northeasterly  winds  prevail  the  principal  currents  do  not 
differ  greatly  from  the  pattern  which  they  exhibit  during  the  season  of  southwesterlies,    but  the 
current  which  flowed  north  through  the  Molucca  Strait  disappears     and  a  current  appears  flowing 
in  the  opposite  direction  southweird  through  that  Strait.     The  boundary  between  the  Equatorial 
Countercurrent  and  the  North  Equatorial  Current  is  pushed  somewhat  southward  from  its  position 
during  the  season  of  prevailing  southwesterly  winds. 

Little  is  known  of  the  distribution  of  water  temperatures    because  of  the  paucity  of  the 
data,    but  compared  to  the  season  of  southwesterlies  temperatures  in  the  northern  part  appear  to 
be  lowered  by  2     -   3     C.    at  the  surface,    and  1      -  2     at  50  jind  100  meters.     In  the  southern  por- 
tion the  temperatures  appear  to  be  lowered  by   1      -  2     C.    at  all  levels.   There  is  no  great  differ- 
ence frona  the  season  of  southwesterlies  in  water  color  zuid  tr sinsparency. 

During  the  season  of  southwesterly  winds  the  surface  is  generally  extremely  calm. 
However,    during  the  typhoon  season  the  northern  part  of  this  sea  area  is  frequently  crossed  by 
these  storms   and  operating  during  this  season  requires  considerable  caution.     During  the  north- 
easterlies  operations  are  not  infrequently  hampered  by  high  waves  and  seas, 
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It  is  only  very  recently  that  this  area  has  attracted  notice  as  a  tuna  longline  fishing 
ground.     In  the  eau-ly  years  of  the  Showa  Era  (the  late  ZO'a  )  the  research  vessel  Shunkai  Maru 
(180  tons)  of  the  former  Formosa  Government   General  made  some   surveys  in  the  northern  part 
of  the  area,   but  the  results  were  extremely  poor,    the  area  was  ticketed  as  being  alnnost  value- 
less as  a  fishing  ground,   and  it  was  thenceforth  neglected.     According  to  the  commonly  prevail- 
ing opinion  at  that  time,    an  area  like  this  one  without  reefs  or  shoals,    and  indeed  one  of  the  two 
deepest  parts  of  the  world's  oceans,    was  adjudged  to  be  unsuitable  for  the  establishment  of  the 
tuna  longline  fishery. 

The  investigations  of  the  Shunkai  Maru  were  made  in  February.      The  investigations  of 
the  Shonan  Maxu  in  this  sea  area  were  undertjjcen  from  June  to  Septennber  of  1937.     As  a  result 
of  the  work  of  the  Shonan  Maru  it  became  known  that  this  area  was  an  extraordinarily  good  fish- 
ing ground,    the  attention  of  commercial  operators  was   suddenly  attracted,    and  a  constant  pro- 
cession of  vessels  based  at  Takao  began  fishing  there.     In  the  beginning  the  principal  object  of 
the  fishing  in  the  northern  portion  was  the  black  marlin  and  the  main  catch  in  the   southern  portion 
was  yellowfin  tuna.     Beginning  in  the  following  year  (1938),    it  gradually  became  known  that  the 
northern  portion  was  an  extremely  fine  black  tuna  ground  and  there  was  a  sudden  increase  in  the 
number  of  vessels  fishing  there  for  this  species.     The  fishing  season  for  black  tuna,    as  was 
stated  in  the  section  on  the  South  China  Sea,    is  from  the  latter  part  of  March  to  early  June.     The 
main  fishing  season  for  black  marlin  is  from  April  to  August,    the  fishing  ground  for  this  species 
being  generally  slightly  farther  off  shore  than  that  for  the  black  tuna.     Consequently,    although  the 
positions  of  the  fishing  grounds  differed  somewhat,   the  northern  part  of  this  sea  area  was  judged 
to  have  ample  value  as  a  tuna  longline  fishing  ground  fronn  April    to  around  August  to  September. 
After  September,    that  is  with  the  start  of  the  season  of  northeasterly  winds,    the  fishing  appears 
to  deteriorate  sharply,   but  the  details  of  this  are  not  clear  because  of  the  paucity  of  data. 

Because  of  the  distance,    the  southern  part  of  this  area,    where  yellowfin  were  the  msiin 
catch,    was  not  fished  very  much,    only  aji  occassional  large  vessel  having  operated  there.     It  is 
certain  that  at  some  seasons  it  is  an  extremely  good  fishing  ground,    and  it  appears  that  in  the 
most  southerly  portion  seasonal  changes  in  the  fishing  conditions  are  comparatively  slight. 

Most  of  the  investigations  in  this  cirea  were  made  by  the  Shonan  Maru,    Shunkai  Maru, 
and  Takao  Maru.     There  are  also  some  data  from  operations  of  the  Kiyo  Maru  and  the  Zuiho  Maru 
in  the  southern  part  of  the  area.     The  data  from  these  vcirious  sources  are  summarized  in  the 
following  table  to  indicate  fishing  conditions  in  this  region. 


Table  37.  --Fishing  conditions  in  the  East  Philippines 
Sea  (0     to  20°  N.  ,    120°  to  130°  E. ) 


Stations 

Hooks 
fished 

Black  tuna 

Yellowfin 

Bigeye 

Spearfishes 

Total 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

85 

28,203 

2 

0.01 

1,311 

4.65 

53 

0.  18 

323 

1.  14 

1,887 

5.98 

Catch  rates  are  fairly  high,    nearly  6.0  .      On  the  whole  the  data  are  scarce,    and 
there  are  none  at  all  for  January,    October,    and  December,    so  the  seasonal  changes  in  the  fish- 
ing conditions  are  not  well  known,   however,   the  data  in  the  foregoing  table  can  be  divided  between 
the  northeast  and  southwest  monsoons  as  follows. 
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Table  38.  --Fishing  conditions  by  seasons   (East 
Philippines  Sea) 


Number  of 

Black  tuna 

Yellowfin 

Bigeye 

Spearfishes 

Total 

Season 

stations 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

and  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

NE  mon- 

soon 

27 
10, 745 

0 

0.00 

507 

4.72 

21 

0.20 

45 

0.42 

573 

5,33 

SW  nnon- 

soon 

58 
17,458 

2 

0.01 

804 

4.61 

32 

0.  18 

278 

1.60 

1,  114 

6.38 

Note:     Northeasterlies --October  to  March;  southwesterlies--April  to  September 

It  can  be  seen  from  the  foregoing  table  that  there  is  no  great  seasonal  change  in  the 
fishing  for  yellowfin  and  bigeye     tuna,   but  that  the  spearfishes  increase  nnarkedly  during  the 
season  of  southwesterly  winds.     However,    this  table  has  lumped  together  the  whole  area  of  the 
East  Philippines  Sea,    which  extends   1,  200  miles  from  north  to  south.      There  is  therefore  a  need 
to  examine  variations  in  fishing  conditions  by  area  and  by  seasons  within  the  area. 

First  of  all,    in  order  to  examine  the  fishing  conditions  by  area,  we  will  divide  the 
region  by  5     of  latitude  and  show  the  catch  rates  within  each  of  these  divisions  in  the  following 
table. 

Table  39.  --Fishing  conditions  by  sections  (East 
Philippines  Sea) 


Number  of 

Black  tuna 

Yellowfin 

Big 

eye 

Spearfi 

shes 

Total 

Sections 

stations 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

and  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

0°  -    5°  N. 

30 

16,023 

0 

0.00 

889 

5.55 

28 

0.  17 

70 

0.44 

987 

6.  16 

o          o 
5     -10     N. 

19 

4,  320 

0 

0.00 

270 

6.25 

18 

0.42 

85 

1.97 

375 

8.68 

10°-15°N. 

19 

3,840 

0 

0.00 

83 

2.  16 

3 

0.08 

87 

2.27 

173 

4.51 

15°-20°N. 

17 

4,020 

2 

0.05 

44 

1.09 

3 

0.07 

80 

1.99 

127 

3.16 
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The  foregoing  table  shows  that  in  general  the  fishing  is  best  between  5     and   10     N.  , 
followed  by  0     to  5     N.  ,    with  the  catch  rates  falling  off  ae  one  goes  north  from   10     N. 

Black  tuna  were  taken  only  between   15     and  20     N.     In  the  case  of  the  yellowfin,    there 
is  a  boundary  in  the  vicinity  of  10     N.  ,    with  the  catch  rates  dropping  off  sharply  to  the  northward. 
South  of  5     N.   the  catch  rates  are  also  somewhat  lower  than  between  5     and   10     N.     The  spear- 
fishes   (chiefly  black  marlin)  show  their  highest  catch  rates  in  the  area  between  10     and   15     N. 

o  o  o  o 

Fishing  is  somewhat  poorer  between  5     N.    and   10     N,    and  between   15     N.    and  20     N.  ,    but  the 

difference  is  slight.     In  the  area  fronn  0     to  5     N.   the  catch  rates  drop  sharply  as  connpared  with 
the  more  northern  areas,    showing  that  there  is  a  marked  distributional  boundary  between  5     and 
10     N.    latitude.     Bigeye  tuna  fishing  is  best  between  5     and   10     N.  ,    with  catches  being  nnade  only 
rarely  farther  to  the  north.     In  general  the  fishing  within  this  area  is  controlled  by  the  catch  of 
yellowfin  and  spearfishes  and,    as  the  foregoing  table  shows,    the  yellowfin  in  the  southern  part  and 
the  spearfishes  in  the  northern  part  are  the  main  species  controlling  the  fishing  situation. 

o 

The  situation  is  not  thoroughly  known   because  of  the  scarcity  of  data,    but  between  0 

and  5     N.    it  appears  that  there  are  no  marked  fluctuations  in  the  fishing  throughout  the  year. 

It  appears,    however,    that  fishing  is  particularly  active  around  March  and  from  July  to  September. 

North  of  5     the  spearfish  catch  increases  from  May  to  August. 

o 

The  investigations  of  the  Shonan  Maru  cover  almost  the  whole  area  north  of  3     N. 

latitude  from  June  to  September.     Based  on  these  data,   the  catch  rate  curve  from  north  to  south 
for  this  sea  area  is  shown  in  figure  9. 

The  variations  in  catch  rate  shown  by  the  curve  are  rather  large,   but  in  general  the 
yellowfin  catch  rates  are  clearly  higher  in  the  south  and  drop  off  sharply  to  the  north.     The 

spearfishes  on  the  contrary  cire  high  in 
the  north  and  low  in  the  south.     It  is 
thought  that  the  irregularity  of  these 
curves  is  due  to  the  small  number  of 
fishing  stations,    and  that  if  the  number 
of  stations  were  increased  the  curves 
would  probably  show  more  regular  trends. 
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Figure  9. --Catch  rates  by  latitudes 
(E.    Philippines  Sea) 


The  range  within  which  the 
catch  rate  curves  for  the  yellowfin  and 
spearfishes  intersect  appears  to  be 
roughly  from   10     to  1 5     N,     Although 
differences  can  be  detected  in  the  numer- 
ical value  of  the  catch  rates,   the  situation 
outlined  above  appears  to  be  exactly  simi- 
lar to  that  presented  by  the  waters  of  the 
former  South  Sea  Islands  Mandate,   which 
adjoins  this  area  on  the  eastward. 

If  we  attempt  to  connpare 
these  fishing  conditions  with  oceanograph- 
ic  conditions,   the  area  from  10     to  15     N. 
is  where  the  North  Equatoriad  Current 
impinges  upon  the  Philippine  Islands. 
Farther  to  the  north  the  currents  gener- 
ally flow  northward  or  northwestward  and 
make  up  the  origins  of  the  Kuroshio. 
South  of  10     N.   the  currents  flow  south  or 


southeastward,    corresponding  in  part  to 
the  area  of  origin  of  the  Equatorial  Countercurrent.     The  rest  flow  into  the  Molucca  Strait  area. 
Just  as  in  the  former  South  Sea  Mandate  farther  to  the  east,    yellowfin  are  abundant  in  the 
Equatorial  Countercurrent  and  the  spearfishes  are   abundant  in  the  North  Equatorial  Current. 
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The  only  records  concerning  sizes  of  fish  taken  are  the  data  fronn  the  Shonan  Maru's 
operations.     Of  402  yellowfin  taken  in  the  course  of  the  Shonan  Maru's  work,    the     snnallest 
was  2.8  kilograms,    the  largest  58  kilograms,    and  the  average  weight  was  33  kilograms.     Figure 
10  shows  the  weight  frequencies  of  these  fish  by  3-kilogram  classes. 

As  figure    10  shows,   fish  of 
about  35  -  38  kilograms  were  most 
nunnerous,    with  another  peak  at  4  I   -  44 
kilograms.     In  the  smaller  sizes,    there 
was   a  rather  conspicuous  peak  at  8  -   11 
kilograms.     If  we  apply  to  these 
Professor  Aikawa's  age  determination 
method,    the  peak  of  small  fish  repre- 
sents fish  in  their  fourth  year,    while 
the  great  majority  are  seventh-  and 
eighth-year  fish.     The  size  distribution 
by  latitude  is  not  clear,    but  there  seems 
to  be  some  tendency  for  fish  to  be  larg- 
er in  the  north  and  smaller  in  the  south. 
The  average  weight  of  33  kilograms  is 
about  the  same  as  that  for  the  former 
South  Seas  Mandate  and  is  thought  to 
show  the  identity  of  the  populations. 
Nothing  at  Eill  is  known  of  seasonal 
chajiges  in  the  size  of  the  fish. 
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WEIGHT  (kg) 

--Yellowfin  weight  frequen- 
cies (E,    Philippines  Sea) 


Weights  of  black  marlin  have 
been  divided  into  10-kilogram  classes  and  their  frequencies  plotted  as  shown  in  figure   U,     The 
data,    like  those  for  the  yellowfin,    are  from  the  investigations  of  the  Shonan  Maru  and  the  number 
of  fish  is   165.     As  is  clear  from  the  figure,    there  is  a  very  pronounced  peak  at  40  -  50  kilograms. 

The  curve  falls  off  steeply  in  the  smaller 
sizes  and  also  in  the  larger  sizes.     It  is 
an  interesting  fact  that  a  great  majority 
of  these  fish  were  males,   females  being 
only  9  percent  of  the  total  and  almost  all 
of  these  were  a  very  large  size.     Judg- 
ing from  a  number  of  data,    it  appears 
that  fishing  from  the  central  section  on 
northward  is  subject  to  violent  seasonail 
fluctuations,    and  after  September  the 
composition  of  the  catch  changes  and 
fishing  suddenly  becomes  poor.     Sea- 
sonal fluctuations  do  not  seem  so  vio- 
lent in  the  southern  part  of  the  area,    but 
on  the  whole  it  is  the  season  of  south- 
westerlies  which  shows  the  best  fishing. 
This  pattern  is  thought  worthy  of  note  as 
it  appears  also  in  the  former  South  Seas 
Mandate  and  is  particularly  marked  in 
the  Celebes  Sea, 

The  foregoing  facts  indicate 
that,    if  area  and  season  are  taken  into 
account,   this  region  will  jilso  offer  very 
superior  fishing  grounds. 
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o  o 

East  Formosa  Sea  and  the  waters  of  the  Okinawan  archipelago  (20     to  30     N.  , 

130°  E.) 


120°  to 


The  waters  of  the  East  China  Sea,  east  of  the  100-fathom  line  and  east  of  the  Bashi 
Strait  within  the  range  of  20  to  30  N. ,  120  to  130  E.  will  be  described  as  the  East  Formosa 
Sea  and  the  waters  of  the  Okinawan  archipelago. 

This  area  is  almost  all  within  the  Japan  current  (Kuroshio)  and,    stated  very  broadly, 
the  currents  flow  north  or  northeast  throughout  the  year.      However,    in  the  western  part  of  the 
area  during  the  winter  the  effect  of  a  cold  current  flowing  south  along  the  continent  is  fairly 
conspicuous.     Furthermore,   on  the  east  side  of  the  main  Kuroshio  current  there  is  a  great  gyrad 
flowing  clockwise. 

As  this  sea  area  stretches  from  the  tropics  through  the  subtropics  to  the  temperate 
zone,  there  are  rather  conspicuous  local  and  seasonal  variations  in  water  temperature  and  it  ia 
difficult  to  mjike  a  general  discussion  of  the  area  as  a  whole. 

Table  40  shows  the  chainges  in  water  temperature  in  the  Bashi  Strait  at  the  extreme 
southern  linnit  of  this  sea  area. 

Table  40. --Water  tennperatures  in  the  vicinity  of  Bashi 
Strait  (from  Formosan  Fishery  Experiment 
Station  Report  for   1932) 


Month 

Depth  (Meters) 

0 

25 

50 

100 

February 
May 
August 
December 

23.9 
28.  1 
28.7 
24.9 

23.9 
27.0 
28.6 
24.9 

23.9 
25.  1 
27.9 
24.8 

23.5 

21.6 
23.9 
23.7 

The  following  table  (table  41)  shows  the  water  temperatures  for  each  month  in  the 
central  part  of  the  area  at  about  the  middle  of  the  line  between  Suo  (Fornnosa)  and  Yonakuni 
Island.     The  table  is  based  on  the  regular  sectional  observations  made  by  the  Fisheries  Experi- 
ment Station  of  the  former  Taiwan  Government-General  but  do  not  all  represent  data  from  the 
same  year,   being  averages  of  13  years  from  1919  to  1932. 

o 
According  to  this  table  the  minimum  surface  water  temperatures  were  23     C.   in 

March  and  the  maximum  29.  1     C.   in  August.     Between  25  meters  and  200  meters  the  minimum 

was  in  March  and  the  maxin-ium  in  September. 

The  data  for  the  most  northern  part  of  this   sea  area  are  unequally  distributed 
seasonally  and  therefore  it  is  difficult  to  show  changes  throughout  the  year.     Table  42  shows 
changes  in  the  water  tennperatures  based  on  data  from  sectional  observations  carried  out  by  the 
Kagoshima  Prefecture  Fisheries  Experiment  Station.      The  values  shown  in  the  table  are  those 
from  a  station  50  miles       off        Yakushima  on  a  line  connecting  Yakushima  and  Oshinna.      The  data 
do  not  all  represent  the  same  year  but  are  a  collection  of  data  covering  several  years. 

Comparing  these  three  tables,    it  appears  that  there  is  little  difference  between 

tables  40  and    41.     Even  in  table  42  little  difference  can  be  seen  in  the  summer,   but  in  the  winter 

o  o 

the  tennperatures  are  2     -  3     C.   lower. 
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Table  41. --Water  temperatures  in  the  vicinity  of  25     N. 
(the  center  of  the  line  from  Suo  to  Yonjikuni) 


Depth 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0 

23.4 

23.8 

23.0 

24.7 

26.7 

27.8 

28.3 

29.1 

28.9 

27.4 

26.0 

25.3 

25 

23.6 

23.7 

22.9 

24.7 

26.2 

27.6 

27.9 

27.8 

28.2 

27.3 

26.0 

25.4 

50 

23.5 

23.4 

22.9 

24.6 

25,8 

25.9 

26.2 

26.8 

26.9 

27.  1 

25.9 

25.3 

100 

23.2 

22.4 

21.3 

23.2 

22.1 

23.7 

24.  1 

22.7 

24.3 

22.8 

25.0 

23.4 

200 

19.2 

18.6 

17.7 

19.0 

20.4 

18.9 

19.9 

18.2 

17.  1 

16.7 

18.8 

19.4 

400 

13.2 

13.4 

U.7 

12.8 

14.2 

13.1 

14.0 

12.6 

13.  1 

11.5 

12.9 

12.9 

Note:    From  the  report  of  the  Formosa  Fisheries  Experiment  Station  for   1932. 

Water  temperature  is  genercilly  I  to  II  on  Forel's  scale  and  transparency  values  are 
generally  high.     However,    close  to  the   100-fathom  line  of  the  continent  these  values  are  some- 
what lower. 

During  the  winter  there  are  strong  north  or  northeast  winds  in  the  southern  part  of 
this  area  and  westerly  winds  in  the  northern  part,    and  the  sea  is  generally  rough.     During  the 
summer  it  is  genersilly  calm,    but  during  the  typhoon  season  storms  frequently  cross  this  area 
so  caution  is  necessary. 

Table  42,  --Water  temperatures  south  of  Yakushima 


Depth 

Month                                                                    1 

Feb. 

Mar. 

May 

July 

Aug. 

Nov. 

0 

21.2 

20.8 

25.  1 

25.9 

29.5 

24.  7 

25 

21.3 

20.9 

24.8 

25.8 

28.9 

24.7 

50 

21.3 

20.6 

24.7 

25.4 

28.6 

24.8 

100 

21,2 

20.5 

23,8 

18.8 

28.4 

23.8 

150 

20.6 

19.2 

21.8 

17.4 

25.9 

22.0 

This  sea  area  has  been  exploited  as  a  fishing  ground  for  majiy  years.     The  following 
is  a  general  description  of  fishing  conditions  there  from  south  to  north. 

The  East  Formosa  Sea  region  was  first  exploited  as  a  tuna  fishing  ground  in  the 
TaishS  Era  (1912-1925).     In  the  beginning  there  was  a  skipjack  fishery  based  at  Keelung,    and  then 
attention  was  drawn  to  the  fact  that  spearfishes  were  extraordinarily  abundant  in  this  area.     The 
former  Formosa  Government-General  established  fishing  ports  at  Keelung,    Suo,    Shinko,    and 
Kajenko  Jind  made  them  bases  for  a  fishery.     At  the  same  time  fishermen  were  invited  to  emi- 
grate from  Oita,   Ehime,    Kochi,    Wakayama,    and  Chiba  prefectures  and  a  positive  program  of 
fishery  development  was  carried  on.     These  emigrants  nnainly  engaged  in  the  harpoon  fishery. 

The  spearfishes  are  very  abundant  in  the  waters  off  Formosa    and  the  catch  of  these 
fishes  rivals  and  at  times  surpasses  that  of  the  tunas,    of  which  the  yellowfin  is  the  principal 
species.     The  Fornnosan  spearfish  catch  is  even  greater  than  that  of  Japan  proper. 

The  fishing  season  of  the  harpoon  fishery  in  the  East  Formosa  Sea  is  limited  to  the 
period  of  the  prevcdling  northeasterlies  from  October  to  April.  This  is  just  the  opposite  of  the 
situation  in  the  waters  of  Japjtn  proper,    where  this  fishery  is  limited  almost  entirely  to  the 
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aummer  season.     In  general  the  fishing  is  most  active  in  the  southern  part  of  this  sea  area  at  the 
beginning  of  the  fishing  season  and  with  the  passage  of  time  the  center  of  the  fishing  grounds 
gradually  shifts  to  the  northward.      In  the  middle  of  the  season  the  grounds   are  centered  off  Suo, 
aJid  at  the  end  of  the  season  the  Hokasho  area  becomes  the  center.     There  are  also  seasonal  dif- 
ferences in  the  composition  of  the  catch,    with  white  marlin  abundant  at  the  beginning  of  the 
season,    striped  marlin  increasing  toward  the  middle  of  the  season,    and  black  marlin  gradually 
increasing  toward  the  end.     However,    in  the  overedl  picture  white  marlin  are  the  most  abundant. 
Table  4  3  shows  the  changes  in  the  fishing  situation  from  month  to  month. 

Table  43.  --Catch  of  the  harpoon  fishery,    Suo,    1934  ajid 
1943  (numbers  of  fish) 


Month 

Species                                                              | 

White  marlin 

Black  marlin 

Striped  marlin 

Sailfish 

January 

1,401 

80 

1,448 

180 

934 

12 

82 

7 

February 

902 

258 

913 

181 

1,007 

42 

77 

23 

March 

1,013 

250 

502 

115 

1,  114 

45 

92 

51 

April 

462 

169 

97 

97 

345 

15 

351 

381 

May 

34 

5 

5 

179 

97 

21 

48 

434 

June 

6 

3 

6 

256 

10 

19 

8 

409 

July 

4 

9 

4 

308 

1 

4 

2 

73 

August 

11 

30 

1 

253 

0 

0 

0 

3 

September 

8 

9 

5 

58 

0 

0 

0 

0 

October 

648 

49 

632 

786 

23 

2 

2 

21 

November' 

1,990 

86 

814 

236 

433 

3 

31 

119 

December 

1,264 

116 

1,030 

61 

484 

17 

49 

72 

Total 

7,748 

1,064 

5,497 

2,710 

4,448 

161 

742 

1.593 

Note:     The  upper  figures  are  for  1934,   the  lower  figures  for   1943. 
marked  decline  in  1943  is  due  to  the  war. 


The 


At  first  the  harpoon  fishery  was  operated  almost  entirely  by  Japanese  emigrants  . 
There  was,    in  addition,    a  flourishing  longline  fishery  in  this  sea  area  carried  on  for  the  most 
part  by  Formosans.      The  catch  of  this  longline  fishery  was  mainly  sharks,    such  as  the  hammer- 
head,  yashibuka,   dotabuka,    and  threshers,    and  few  tunais  or  spearfishes  were  taken.     The  fish- 
ing ground  and  fishing  season  coincided  completely  with  those  of  the  haurpoon  fishery. 

At  about  the  tinne  the  harpoon  fishery  connes  to  sui  end,   black  tuna  migrate  into  the 
southern  part  of  this  sea  area,    and  by  the  middle  of  June  they  are  taken  all  over  the  area.     In 
the  beginning  of  the  season  the  fishing  is  comparatively  concentrated,   but  toward  the  end  t>f  the 
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season  it  gradually  becomes  more  dispersed  ajid  the  fishing  grounds  shift  gradually  from  south  to 
north.     However,    as  there  is  sporadic  fishing  of  black  tuna  at  almost  the  same  season  in  tlie 
waters  contiguous  to  this  area  on  the  south  and  north,    if  the  schools  do  move  from  south  to  north, 
it  is  in  a  renicirkably  dispersed  state. 

It  is  thought  that  from  about  the  time  the  black  tuna  season  ends,    dense  schools  of 
black  marlin  migrate  into  the  area,   but  we  do  not  as  yet  have  any  concrete  data  concerning  this 
fact.     The  basis  for  this  supposition  is,    as  was  stated  in  the  section  on  the  East  Philippines  Sea, 
that  between  May  and  September  dense  schools  of  this  species  are  seen  in  the  North  Equatorial 
Current  and  the  region  of  the  origins  of  the  Kuroshio,    and  there  are  two  or  three  records  show- 
ing that  quite  a  few  black  marlin  are  taken  about  the  same  time  in  the  Yonakuni  Island  area.     It 
is  considered  that  their  fishing  grounds  are  probably  farther   off  shore  than  the  harpooning 
grounds,    and  as  there  have  actuzilly  been  hardly  any  fishing  vessels  operating  there,    nor  any 
experimental  or  exploratory  fishing,    there  are  no  data  at  all  to  offer  as  evidence. 

As  the  foregoing   shows,     this  area  has  hardly  been  considered  as  a  fishing  ground 
during  most  of  the  season  of  southwesterly  winds.     The  fishing  ground  during  the  northeast 
monsoon,    both  in  the  case  of  the  harpoon  fishery  and  the  longline  fishery,    is  extremely  coastal 
in  character,    being  limited  to  within  30  nniles  of  the  shore.     The  situation  farther  off  shore  was 
investigated  by  the  Shonan  Maru,    Shichisei  Maru  (fisheries  research  vessel  of  the  former 
Taihoku  Province),    and  the  Takao  Maru,    which  caught  considerable  amounts  of  tunas,  spear- 
fishes,    and  sharks,    however,    it  can  by  no  mejins  be    thought  to  be  a  superior  fishing  ground. 

The  waters  of  the  Okinawan  airchipelago  are  noted  as  a  fishing  ground  for  sedentary 
skipjack  rather  than  as  a  tuna  ground.     Nevertheless,   tunas  and  spearfishes  are  taken  throughout 
the  region  and  certain  localities  are  known  to  be  outstanding  longlining  grounds.     There  are 
excellent  grounds  between  Uotsuri  Shima  aind  the  Miyako  Archipelago     and  south  of  the  main  is- 
land of  Okinawa,    and  at  the  extreme  northern  end  of  the  area  is  the  famous  black  tuna  ground 
around  Tanegashima. 

Throughout  the  area  as  a  whole  the  spearfishes  are  most  abundcint,   followed  by 
yellowfin,    bigeye,    and  black  tuna,    with  albacore  extremely  scarce.     The  spearfishes  are 
abundant  throughout  the  year,     but  particularly  from  April    to  August  and  in  general  east  of  125 
E.   longitude.     The  most  abundant  species  is  the  white  marlin,    followed  by  the  striped  marlin  and 
the  black  marlin.     The  seasonal  changes  in  abundance  of  different  species  are  the  same   as  for 
the  East  Fornnosa  Sea.     The  catch  of  sailfish  also  appears  to  increase  during  the  summer.     After 
August  the  fishing  shifts  to  the  vicinity  of  the   100-fathom  line   in  the  East  China  Sea,    and  the 
fishing  grounds  of  this  region,    although  they  differ  from  season  to  season,    extend  through  the 
waters  west  of  Kyushu  on  the  north  to  the  Tsushima  Strait  area. 

Yellowfin  are  fairly  abundant  in  April  -  May  and  November  -  December,    and  a 
tendency  can  be  detected  for  catch  rates  to  increase  gradually  to  the  eastward.     Bigeye     tuna 
are  rather  abundant  from  November  to  January  but  appear  to  be  hardly  taken  at  all  at  other 
seasons.     There  are  two  fishing  seasons  for  black  tuna;  one  is  around  December  and  January, 
with  the  fishing  grounds  in  the  extreme  northern   part  of  the  region.     However,   fishing  is  not  very 
good  at  this  time  and  the  catches  are  nnade  at  some  distance  from  the  center  of  the  nnain  fishing 
grounds.      The  other  season  is  around  April  to  June,    with  the  grounds  on  the  east  side  of  the 
archipelago.     The  fishing  is  sporadic  and  there  are  no  concentrated  catches.     Some  albacore  are 
taken  from  January  to  March,    but  they  are  not  very  abundant.     Table  44  shows  the  fishing  situ- 
ation in  this  sea  area  on  the  basis  of  past  surveys. 

The  overall  catch  rate  is  slightly  less  than  2.0,    much  lower  than  those  of  the  various 
sea  areais  described  earlier.     Comparing  those  parts  of  the  area  north  and  south  of  25     N. 
latitude,    as  the  table  shows,   the  catch  rates  are  higher  in  the  north  for  all  fish  except  the  yellow- 
fin,   and  the  overall  average  catch  rate  is  higher  in  the  north.     It  will  be  noted  that  the  catch  rates 
for  black  tuna  and  albacore  are  much  greater  in  the  northern  part. 
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Table  44.  --Fishing  situation  in  the  East  Formosa  Sea 
and  the  waters  of  the  Okinawan  archipelago 
(20°  to  30°  N.  ,    120°  to   130°  E.) 


Area 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Total               1 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

20°-25°N. 
25°-30°N. 

Total 

8 
131 

139 

0.02 
0.22 

0.  14 

162 

161 

323 

0.43 
0.27 

0.33 

69 
139 

208 

0.  18 
0.23 

0.  21 

1 
109 

110 

0.00 
0.  18 

0.  11 

364 
722 

1,  086 

0.98 
1.  19 

1.  1  I 

604 
1,  262 

1,  866 

1.62 
2.08 

1.90 

Note:      Number  of  stations  fished  20     N.   to  25     N.   =197 
"  "  "        25°  N.   to  30°  N.    =  227 

Number  of  hooks  fished  20°  N.   to  25°  N.   =  37,  290 
"  "        "  "         25°  N.   to  30°  N.    =  60,  694 

Because  of  the  extreme  paucity  of  the  data,    a  thorough  comparison  is  impossible, 
however,    tables  45  and  46  show  the  seasonal  variations  in  fishing  conditions. 

Black  tuna  are  taken  in  May.     Yellowfin  are  most  abundant  from  October  to  December. 
The  spearfishes  have  a  catch  rate  of  about   1.  0  throughout  the  year  and  show  a  potentiality  for  a 
higher  catch  rate  in  June. 

Black  tuna  catches  are  centered  around  May,    with  fair  numbers  taken  in  April  and 
June,    and  sporadic  catches  from  October  through  November.     Yellowfin  are  taken  in  all  months 
except  February,   August,    and  September,    and  the  catch  rates  increase  from  April  through  July 
and  in  December  and  January.      Bigeye  tuna  show  about  the  same  variations  as  yellowfin,    but  the 
peak  of  their  catch  rate  which  appears  in  the  summer  is  markedly  lower  than  that  for  the  yellow- 
fin.   Albacore    are  tjiken  only  in  the  winter,    none  at  all  having  been  caught  in  the  summer.      The 
spearfishes  show  rather  high  catch  rates  from  June  through  September,    but  the  fishing  for  them 
becomes  remarkably  poor  in  March  and  April,      There  are  very  few  data  for  the  southern  part  of 
the  area,    as  shown  in  table  45,    so  it  is  not  possible    to  make  a  thorough  comparison  with  table 
46,   however,    it  can  probably  be  recognized  that  both  the  northern  and  southern  halves  of  the 
region  show  the  same  trends  of  rise  and  decline.     In  general,    only  a  few  of  the  summer  months 
can  be   considered    superior  fishing  in  this   sea  area,    the  winter  fishing  season  being  shorter  and 
having  lower  catch  rates  than  the  summer. 

In  tables  44  to  45  the  difference  in  location  from  east  to  west  is  not  taken  into 
consideration  at  all.     In  the  following  table  the  fishing  situation  is  presented  with  this  area  divid- 
ed up  by  2     of  longitude  without  reference  to  latitude. 

Black  tuna  are  taken  only  between  124     and   126     E.   longitude,    that  is  in  the  waters 
around  the  SaJcishima  Islands.     Yellowfin  are  caught  at  almost  the  same  rate  throughout,    except 
for  the  most  easterly  area.      There  is  some  doubt  however,    as  to  whether  this  trend  really  exists 
because  there  are  few  data  for  the  region  between  128     and  130     E.   longitude.     The  bigeye  tuna 
appear  comparatively  close  to  the  coast,    and  the  spearfishes  show  a  tendency  for  catch  rates 
to  increase  to  the  eastward. 
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Table  45.  --Fishing  conditions  by  months  (East  Formosa 
Sea  ajid  southern  waters  of  the  Okinawan 
archipelago,    20°  to  25°  N. ,    120  to  130°  E.) 


Month 

Nunn- 

Blac 

k  tuna 

Yellowfin 

Bigeye 

Albacore 

Spear 

fishes 

Total         1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

Jan. 

3,556 

0 

0 

7 

0.20 

16 

0.45 

0 

0 

49 

1.  38 

62 

2.03 

Feb. 

6,794 

0 

0 

15 

0,22 

15 

0.22 

0 

0 

69 

1.02 

99 

1.46 

Mar. 

384 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.26 

1 

0.26 

Apr. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

— 

-- 

May 

1,557 

8 

0.51 

2 

0.  12 

3 

0.  18 

0 

0 

11 

0.71 

24 

1.52 

June 

873 

0 

0 

2 

0.23 

0 

0 

0 

0 

36 

4.35 

38 

4.58 

July 

675 

0 

0 

0 

0 

0 

0 

0 

0 

7 

1.04 

7 

1,04 

Aug. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Sept. 

-- 

-- 

-- 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

— 

-- 

Oct. 

2,412 

0 

0 

13 

0.54 

1 

0.04 

0 

0 

17 

0.70 

31 

1.28 

Nov. 

5,824 

0 

0 

15 

0.26 

0 

0 

0 

0 

48 

0.82 

63 

1.08 

Dec. 

16.584 

0 

0 

122 

0.74 

36 

0.22 

0 

0 

133 

0.80 

296 

1.76 

Table  46.  --Fishing  conditions  by  months   (northern  part 
of  the  Formosa-Okinawa  area,    25     to  30     N. , 
120°  to  130°  E.) 


Month 

Num- 

Black tuna 

Yellowfin 

Bigeye 

Alb 

acore 

Spearfishes 

Total        1 

Num- 

Num- 

Nunn- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

Jan. 

8,854 

0 

0 

40 

0.45 

74 

0.84 

93 

1.05 

44 

0.50 

251 

2.84 

Feb. 

1,  064 

0 

0 

0 

0 

0 

0 

0 

0 

17 

1.60 

17 

1.60 

Mar. 

6,436 

0 

0 

4 

0.06 

4 

0.06 

7 

0.  16 

4 

0.06 

19 

0.34 

Apr. 

1,026 

4 

0.38 

14 

1.36 

0 

0 

0 

0 

3 

0.29 

21 

2.03 

May 

7,326 

98 

1.34 

46 

0.63 

5 

0.07 

0 

0 

139 

1.90 

288 

3.94 

June 

5,402 

27 

0.50 

15 

0.28 

1 

0.02 

0 

0 

117 

2.16 

160 

2,96 

July 

684 

0 

0 

8 

1.  17 

0 

0 

0 

0 

23 

3.36 

31 

4,53 

Aug. 

2,244 

0 

0 

0 

0 

0 

0 

0 

0 

82 

3.70 

82 

3.70 

Sept. 

4,  348 

0 

0 

0 

0 

0 

0 

0 

0 

98 

2.25 

98 

2.25 

Oct. 

7,  174 

2 

0.03 

5 

0,07 

2 

0,03 

0 

0 

81 

1.  13 

90 

1.26 

Nov. 

8,939 

2 

0.02 

14 

0,  15 

21 

0.23 

4 

0.04 

73 

0,91 

114 

1.35 

Dec. 

3,474 

0 

0 

15 

0,43 

26 

0.75 

4 

0.  12 

29 

0.84 

74 

2.  14 
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Table  47,  — Fishing  conditions  by  longitude  (East  Formosa 
Sea  amd  southern  part  of  Okinawan  archipelago 
20°  to  25°  N.  ,    1  20°  to  130°  E.  ) 


Section 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Spearfi 

shes 

Total          1 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

120°-122°E. 

1,  736 

0 

0 

9 

0.52 

0 

0 

10 

0,  58 

19 

1.  10 

122°-124°E. 

23, 395 

0 

0 

98 

0.42 

42 

0.  18 

179 

0,77 

319 

1.37 

124°-126°E. 

10, 595 

8 

0.08 

48 

0.45 

27 

0.26 

139 

1.31 

222 

2.  10 

126°-128°E. 

1,  114 

0 

0 

6 

0.  54 

0 

0 

26 

2,  33 

32 

2.87 

128°.130°E. 

450 

0 

0 

1 

0,22 

0 

0 

10 

2.22 

11 

2.44 

Table  48.  --Fishing  conditions  by  longitude  (East  Formosa 
Sea  and  northern  part  of  Okinawein  archipelago, 
25°  to  30°  N. ,    120°  to  130°  E.  ) 


Section 

Num- 

Black tuna 

Yellowfin 

Bigeye 

Alb 

acore 

Spearfishes 

Total 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

122°- 

124°E, 

6,  201 

0 

0 

0 

0 

0 

0 

0 

0 

98 

1.58 

68 

1.58 

124°- 

126°E. 

10, 926 

37 

0.34 

16 

0,  15 

11 

0,  10 

12 

0.  1  1 

224 

2.05 

300 

2.75 

126°- 

128°E. 

26, 753 

88 

0.33 

82 

0.31 

19 

0.07 

59 

0.22 

315 

1.  18 

563 

2.  11 

128°- 

130°E. 

16, 814 

6 

0.03 

63 

0.37 

109 

0,65 

38 

0.22 

95 

0.  56 

311 

1.83 

Note:    West  of  122     E.   is  the  continental  shelf,   where  this  fishery  is  not  carried  on. 

o 
As  the  table  shows,   there  are  no  tunas  taken  at  all  west  of  124     E.  ,    only  spearfishes 

o  o 

being  taken  there.     Black  tuna  are  most  numerous  from  124     to  128     E.    and  become  scarcer 

fcirther  out  to  sea.     Yellowfin  show  a  tendency  to  increase  to  the  eastward,    and  this  trend  can  also 

be  detected  in  the  bigeye  and  albacore.     The  spearfishes  are  fairly  abundant  over  the  whole  cirea, 

but  show  their  highest  catch  rates  in  the  central  part. 

The  overall  catch  raite  for  this  area  is  slightly  less  than  2.0,   remarkably  lower  than 
the  5.  90  of  the  East  Philippine  Sea  asid  somewhat  lower  tham  the  2.  51  of  the  northern  part  of  the 
former  Mandate,    that  is,    10     to  20     N.  ,    east  of  130     E.     Consequently  this  sea  area  is  thought  to 
have  less  value  as  a  fishing  ground  than  the  area  to  the  south  of  it.     However,    if  the  distance 
between  bases  and  fishing  grounds  is  taken  into  account,    the  value  and  significance  of  aji  area  as  a 
fishing  ground  caruiot  be  decided  solely  in  ternns  of  the  catch  rate.     On  this  account  the  value  of 
the  fishing  grounds  of  this  sea  area  will  naturally  be  enhanced.     Particularly  as  it  is  clear  that  at 
some  seasons  there  are  rather  high  catch  rates,   it  is  considered  that  fishing  in  this  area  will  be 
quite  profitable  if  no  error  is  made  in  selecting  the  fishing  ground  and  the  fishing  season. 
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10.     Western  Pacific  subtropical  sea  area  (20°  to  30°  N.  ,    130°  to  180°  E.) 

o  o  o  o 

The  area  between  130     and   180     E.  longitude  and  20     to  30     N.   latitude  will  be 

discussed  as  the  western  Pacific  subtropical  sea  area.     This  is  an  extremely  broad  area,   but 

oceanographic  conditions  are  comparatively  uniform  throughout  the  whole  region.     However,    in 

the  vicinity  of  the  Volcano  Islands,   the  Ogasawara  Islands,    and  the  northern  Marianas  where  the 

topography  is  complex,   the  oceanographic  conditions  are  also  somewhat  complicated.     The  same 

is  true  of  the  area  around  the  Okinawan  archipelago  in  the  extreme  west. 

The  area  is  generally  under  the  influence  of  the  Kuroshio  Countercurrent.     From  the 
Volcano  Islands  to  the  Ogasawara  Islands  there  is  a  rather  strong  northward  flowing  current 
along  the  east  side  of  the  island  chains.     This  is  called  the  Ogasawara  Current  ajid  is  particularly 
strong  during  the  sunnmer. 

The  southern  part  of  the  area  is  within  the  North  Equatorial  Current  and  here  the 
current  flows  from  east  to  west  throughout  the  year.     Along  the  northern  edge  of  the  North 
Equatorial  Current  there  are  here  aind  there  breinch  currents  flowing  northwest.     These  are 
particularly  conspicuous  in  the  summer  at  which  season  they  generally  chajige  the  direction  of 
their  flow   from  northwest  to  northward.       In  the  northern  part  of  the  area  there  are  branch  cur- 
rents of  the  Japam  Current  and  the  North  Pacific  Current  flowing  south  or  southeastward,   and  it 
is  said  that  here  and  there  great  clockwise  gyrals  are  formed.     The  North  Pacific  Current  is  the 
name  given  to  that  part  of  the  Kuroshio  (Japan  Current)  which  leaves   Japeinese  waters  and  flows 
eastward,    and  the  southward  or  southeastward  branches  mentioned  above  are  called  the  Kuroshio 
Countercurrent.     Where  the  North  Equatorial  Current  and  the  Kuroshio  Countercurrent  come  into 
contact  is  the  so-called  subtropical  convergence.      This  subtropical  line  of  convergence  runs 
approximately  east  Jind  west  along  the  parallels  of  latitude.     Accordingly,    completely  different 
water  systems  are  found  to  the  north  and  south  of  the  convergence. 

The  position  of  the  subtropical  convergence  differs  greatly  with  the  seasons.     When 

the  water  temperatures  are  at  their  lowest  around  February  and  March,    it  runs  east  and  west 

o  o 

along  a  line  at  about  23     to  24     N. ,   and  when  water  temperatures  axe  at  their  highest  in 

September,   it  nnoves  far  to  the  north  and  runs  east  and  west  in  the  vicinity  of  30     N, 

The  distribution  of  water  temperatures  is  controlled  by  the  above  mentioned  currents 
and  the  isotherms  run  roughly  parallel  to  the  parallels  of  latitude.     Around  February  and  March 

O  o^JT  r  oo 

the  22     C.    isotherm  runs  east  and  west  along  the  line  of  24     to  25     N.   or  roughly  at  the  center  of 
this  sea  area.       In  the  summer  the  28     C,   isotherm  appears  at  approximately  the  same  position. 
Table  49,   based  on  data  from  the  waters  adjacent  to  the  Ogasawara  Islands,    shows  by  months  the 
water  temperature,    specific  gravity,    and  transparency  in  the  vicinity  of  25     N,   latitude. 

As  the  table  shows,   the  water  temperatures  cire  at  their  lowest  in  March  with  values 
o  o 

of  about  19.5     C.   from  the  surface  to  the  30-meter  level.     The  maximum  is  in  July  with  27.9     C. 

at  the  surface.     Table  49  represents  records  for  one  year  from  April  1931  to  March  1932,     From 

the   10-year  averages  given  in  the  same  report,    it  appears  that  the  mininnum  temperature  at  the 

surface  is  20,6     C,   in  February  and  the  maximum  is  27     C,    in  August. 

In  the  winter  strong  northwesterly  or  westerly  winds  blow  continuously,    being 
particularly  violent  in  the  northern  part  of  the  area.     In  the  summer  the  sea  is  generally  extreme- 
ly calm  except  when  typhoons  are  being  generated. 

This   sea  area  was  opened  as  a  fishing  ground  around  the  middle  of  the  Tciisho  Era 
(around  1920)  and  all  parts  of  it  have  been  fished  by  large  numbers  of  fishing  boats.     The  fishing 
grounds  were  expainded  to  the  eastward  and  southward  as  the  size  of  the  fishing  boats  was  in- 
creased,   and  the  albacore  grounds  in  the  eastern  part  of  the  area  were  developed  very  rapidly 
after  the  esurly  years  of  the  Showa  Era  (from  1926  on).     Thereafter,   from  1936  on,   the  yellowfin 
grounds  of  the  equatorijil  region  attracted  the  attention  of  the  fishing  industry,    and  the  fishing 
boats  jumped  directly  to  that  area,    so  that  except  for  particular  localities  the  significance  and 
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value  of  the  fishing  grounds  of  the  southern  part  of  this  sea  area  are  in  many  ways  not  clearly 
known. 

Table  49.  --Oceanographic  conditions  by  months  in  the 
waters  of  the  Ogasawara  Islands 


Month 

Water  t 

emperature  {°C. ) 

Specific  grav 

ity 

Transparency 
(meters) 

Air 
temp.  (°C.) 

0  m 

15  m 

30  m 

0  m 

15  m 

30  m 

1931  Apr. 

20.7 

20.5 

20.3 

25.50 

25.58 

25.60 

20.6 

21.0 

May 

21.9 

21.6 

21.6 

25.87 

25.89 

25.96 

22.6 

23.4 

June 

24.2 

23.0 

22.8 

25.20 

25.22 

25.27 

21.6 

25.9 

July 

27.9 

27.4 

26.9 

25,61 

25.62 

25.61 

20.2 

29,8 

Aug. 

27.2 

26.5 

26.  1 

25.66 

25.63 

25.74 

21.8 

29,3 

Sept. 

27,  1 

26.5 

25,5 

25.80 

25.76 

25.80 

26.3 

29.8 

Oct. 

27.8 

26.7 

25.5 

25.99 

25.96 

26.01 

27.8 

29.3 

Nov. 

25.8 

25.  1 

24.  1 

26.  18 

26.  19 

25,89 

24.0 

27.4 

Dec. 

22.5 

22.2 

22.0 

25.  71 

25.68 

25.72 

24.9 

22.7 

1932  Jan. 

21.2 

20.9 

20,7 

25.72 

25.67 

25.72 

31.5 

19.7 

Feb. 

20.  3 

20.2 

19.9 

26.01 

25.99 

25.63 

25.2 

18.0 

Mar. 

19.7 

19.5 

19.4 

25.79 

26.  13 

26.  10 

21.2 

20,0 

Note:    From  report  of  Ogasawara  Fisheries  Enterprises  for   1931, 

Considering  this  sea  area  as  a  whole  as  a  tuna  longlining  ground,   it  is  by  no  means 

unifornn  everywhere,    but  presents  fishing  grounds  of  different  character  in  different  localities 

such  as  the  black  tuna  grounds  south  of  Tanegashima,    the  yellowfin  and  spearfish  grounds  from 

Daito  Island  to  the  Koho  ShoaJ  area,   the  albacore    grounds    of  the  Kinansho  area,   the  spearfish 

grounds  in  the  coastal  waters  of  the  Ogasawara  and  Volcano  islands,   and  the  bigeye     tuna  and 

albacore  grounds  to  the  eastward.     And  as  will  be  explained,   fishing  conditions  are  quite  different 

o  o 

to  the  north  and  south  of  a  boundary  in  the  vicinity  of  24     to  25     N, 

In  the  following  discussion  this  sea  cirea  is  divided  into  three  regions  from  west  to 
east  and  the  characteristics  of  the  fishing  grounds  in  each  of  these  regions  are  discussed  separate- 

ly. 

(a)     130°  to  140°  E.   longitude 

The  northwestern  part  of  this  sea  area  forms  part  of  the  so-called  Tanegashima 
black  tuna  grounds.     In  recent  years  the  black  tuna  have  completely  disappeared  and  only  a 
certain  number  of  bigeye  are  taken  during  the  season.     In  the  vicinity  of  30     N.  ,    137     E.   there  are 
the  famous  Kinansho  fishing  grounds   and  here  albacore  are  abundant  in  the  winter.     The  vicinity 
of  24     to  26     N.  ,    131     E.   is  fannous  as  the  so-called  Daito  Island  fishing  ground,    and  the  principal 
catch  here  is  spearfishes  and  yellowfin.     The  KohS  Shoal,    discovered  by  and  named  for  the  K5chi 
Prefecture  fishery  research  vessel  Koho  Maru,    is  at  26     N.  ,    136     E.     At  certain  seasons  yellow- 
fin and  spearfishes  are  abundant  on  this  ground. 

Table  50  summarizes  data  from  surveys  carried  out  in  this  sea  area. 

The  overall  average  catch  rate  is  2,4,    with  a  slightly  higher  rate  of  2,84  to  the  south 
of  25     N,    as  compared  with  2,  24  to  the  north.     The  composition  of  the  catch  is  quite  different 
north  and  south  of  25     N.       In  the  south  yellowfin  make  up  more  than  half  the  catch  while  albacore 
are  nnost  abundant  in  the  north.     Black  tuna  are  taken  only  in  the  north,   there  being  no  record  of 
their  capture  in  the  southern  part  of  the  area,    and  their  average  catch  rate  throughout  the  year 
is  0.22.     There  is  almost  no  difference  between  the  catch  rates  for  the  spearfishes,    but  the 
catch  rate  for  bigeye  tuna  is  somewhat  higher  in  the  south. 
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Table  50.  --Fishing  conditions  at  20°  to  30°  N.  ,    130°  to 
140°  E. 


Area 

Num- 

Black 

tuna 

Yellowfin 

Big 

eye 

Albacore 

Spearfishes 

Total          1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber o£ 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

20°. 

25°N. 
25°. 

48,858 

0 

0 

806 

165 

265 

0.54 

48 

0.  10 

267 

0.55 

1,  386 

2.84 

30°N. 

124,  116 

275 

0.  22 

455 

0.37 

366 

0.30 

975 

0.79 

696 

0.  56 

2,  767 

2.24 

Total 

172, 974 

275 

0.  16 

1,261 

0.73 

631 

0.37 

1,  023 

0.59 

963 

9.63 

4,  153 

2.40 

Note:     The  number  of  fishing  stations  is   105  from  20     to  25     N.    and  590  from  25     to  30     N. 

Seasonal  changes  in  the  fishing  conditions  are  not  well  known  because  of  the  scarcity 
of  data,   but  table  51   shows  what  is  known. 

Table  51.  --Fishing  situation  by  months  (20     to  25     N.  , 
130°  to   140°  E.  ) 


Month 

Num- 

Black 

tuna 

Yellowfin 

Bige 

ye 

Albacore 

Spear 

fishes 

Total          1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  cf 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

Jan. 

4,  579 

0 

0 

52 

1.  13 

8 

0.  17 

4 

0.09 

17 

0.  36 

81 

1-.  75 

Feb. 

2,  100 

0 

0 

12 

0.57 

11 

0.  52 

3 

0.  14 

10 

0.48 

36 

1.71 

July 

1,  974 

0 

0 

48 

2.43 

0 

0 

0 

0 

22 

1.  11 

70 

3.54 

Oct. 

576 

0 

0 

0 

0 

1 

0.  17 

0 

0 

0 

0 

1 

0.  17 

Nov. 

17,  751 

0 

0 

273 

1.54 

105 

0.59 

6 

0.03 

97 

0.55 

481 

2.71 

Dec. 

21, 588 

0 

0 

406 

1.90 

128 

0.60 

33 

0.  15 

88 

0.41 

655 

3.06 

Note:     There  are  no  data  at  all  for  months  other  than  those  shown  on  the  table. 

As  the  data  are  almost  entirely  limited  to  the  winter,    it  is  not  possible  to  give  jtny 
details  on  the  fishing  conditions  in  the  summer,   however,    the  data  for  July  indicate  that  yellowfin 
are  fairly  abundant  at  that  time  ajid  the  spearfish  catch  rate  is  also  high.     There  appear  to  have 
been  almost  no  catches  of  other  species.     Yellowfin  are  shown  to  be  fairly  abundant  for  a  2-  to  3- 
month  period  centered  around  Decernber.     Bigeye     tuna  are  fairly  numerous  in  November  and 
December    and  increase  also  in  February.     Albacore  are  extremely  scarce,    but  some  are  taken  in 
the  winter.     Spearfishes  are  most  abundant  in  July  and  are  scarce  in  the  winter. 

This  pattern  appears  to  coincide  in  general  with  the  trend  of  fluctuations  in  abundance 
izx  the  adjacent  East  Formosa  Sea  area  on  the  west,    although  there  are  Sonne  differences  in  the 
values   (see  table  45). 

Table  52  shows  the  fishing  situation  by  months  north  of  25     N. 
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Table  52.  --Fishing  conditions  by  months   (25     to  30     N.  , 
130°  to   140°  E.) 


Month 

Num- 

Black tuna 

Yellowfin 

Big 

eye 

Albacore 

Spear 

fishes 

Total        1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

Jan. 

31,  864 

168 

0.53 

20 

0.07 

32 

0.  10 

6 

0.02 

194 

1.61 

420 

1.33 

Feb. 

13,491 

63 

0.47 

11 

0.08 

53 

0.40 

43 

0.32 

96 

0.71 

266 

1.98 

Mar. 

40, 809 

266 

0.65 

12 

0.06 

52   . 

0.12 

347 

0.71 

107 

0.25 

784 

1.79 

Apr . 

3,  612 

4 

0.  11 

0 

0' 

4 

0.  11 

1 

0.03 

20 

0.54 

29 

0.79 

May 

I,  684 

5 

0.30 

2 

0.  12 

1 

0.06 

0 

0 

44 

2.70 

52 

3.  16 

June 

4,  024 

3 

0.07 

1 

0.02 

0 

0 

0 

0 

100 

2.48 

104 

2.57 

July 

196 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1.53 

3 

1.53 

Oct. 

12,664 

1 

0.01 

136 

1.07 

84 

0.68 

3 

0,02 

29 

0.23 

253 

2.01 

Nov. 

20,485 

0 

0 

101 

0.49 

134 

0.65 

17 

0.08 

40 

0.  19 

292 

i:4i 

Dec. 

22,235 

12 

0.05 

50 

0.22 

159 

0.71 

16 

0.07 

64 

0.27 

301 

1.32 

Note:     There  are  no  data  for  August  and  September. 

Black  tuna  are  most  abundant  from  January  to  March,    amd  they  appear  to  increase 
again  somewhat  around  May.     Fluctuations  in  fishing  conditions  throughout  the  year  are  not  clear 
because  data  are  lacking  for  August  ajid  September,    but  within  the  period  covered  by  the  table 
some  black  tuna  were  tciken  in  all  months  except  July  and  October.     In  general  yellowfin  are  ex- 
tremely scarce,   with  a  catch  rate  of  slightly  more  than  1.0  in  October  declining  gradually  from 
November  on.     Bigeye  tuna  are  most  abundant   fronn  October  through  December  and  show  their 
highest  catch  rate  of  the  year  in  the  latter  month.     Albacore  are  taken  only  during  the  winter  and 
the  catch  rate  is  at  its  peak  in  March.     Spearfishes  are  more  numerous  in  the  summer,   being 
most  abundant  around  May  and  June.     In  the  winter  their  catch  rate  increases  somewhat  in 
January  and  February.     In  general  catch  rates  are  higher  in  the  summer,   the  nnain  reason  being 
that  the  catch  of  spearfishes  increases. 

Comparing  these  conditions  with  the  Okinawa  area  adjoining  on  the  west,    a 
particulcirly  marked  difference  can  be  detected  in  the  black  tuna  fishing.     That  is,    in  the  Okinawan 
region  black   tuna  are  taken  only  fronn  April  to  June,   with  their  highest  catch  rates  in  May.     In 
this  sea  area  there  are,    as  explciined  above,   two  seasons  for  this  species,    the  main  one  being 
from  January  through  March,   with  another  separate  peaik  in  the  catch  rate  in  May.     It  is  natu- 
rally hypothesized  that  the  schools  which  appear  in  May  are  the  same  as  those  which  appear  in 
the  Okinawan  area,    but  the  relationships  of  the  schools  which  come  from  January  to  March  are 
not  clecir.     It  is  thought  that  almost  no  difference  can  be  seen  in  the  two  areas  as  regards  fluctu- 
ations in  fishing  conditions  for  tuna  species  other  than  the  black  tuna.     It  appears,   however,   that 
in  some  cases  there  may  be,    depending  on  the  species,   more  or  less  of  a  lag  in  the  time  of  the 
peak  season. 

Regarding  the  spearfishes,   which  are  the  most   important  catch  in  both  these  of  sea 
areas,    it  looks  as  if  the  seasonsil  chamges  in  fishing  conditions  are  of  completely  identical  pattern, 
with  the  catch  rate  at  its  highest  from  May  to  August.     Unlike  the  tunas,    the  spearfish  catch  rates 
are  always  fairly  high  throughout  the  year  and  there  is  no  season  at  which  none  are  taken. 

In  order  to  compare  fishing  conditions  from  east  to  west,   the  area  has  been  divided 
into  five  parts  by  2     of  longitude  and  table  53  gives  ithe  fishing  situation  for  each  of  these 
sections. 
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Table  53.  --Fishing  conditions  by  sections  (20     to  25     N.  , 
130°  to  140°  E.) 


Section 

Nunn- 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spear 

fishes 

Total            1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

130°- 

132°E. 
132°. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

134°E. 
134°. 

15,420 

0 

0 

145 

0,94 

84 

0.54 

5 

0.03 

51 

0.32 

285 

1.83 

I36°E. 

9,564 

0 

0 

276 

2.89 

76 

0.80 

9 

0,  10 

56 

0.58 

417 

4.37 

136°. 

138°E. 

22,426 

0 

0 

380 

1.70 

104 

0.46 

34 

0.  15 

137 

0.61 

655 

2.92 

138°. 

140°E. 

1,412 

0 

0 

5 

0.35 

1 

0.07 

0 

0 

23 

1.63 

29 

2.05 

The  yellowfin  are  most  abundant  around  134     to  136     E. ,   that  is,   in  the  vicinity  of 
K5h0  Shocil,    as  are  bigeye  too.     Few  albacore  are  taken,   but  they  appear  to  show  sonne  tendency 
to  increase  to  the  eastward.     The  spearfishes  tend  to  be  most  numerous  in  the  extreme     eastern 
portion,   that  is  west  of  the  Volcano  Islands,   but  it  is  difficult  to  state  this  definitely  because  of 
the  paucity  of  the  data. 

Table  54  shows  fishing  conditions  in  the  same  sections  north  of  25     N. 

Black  tuna  clearly  decrease  sharply  from  west  to  east,    and  yellowfin  are  most 
o  ,  o 

abundant  between  134     and  136     E.     The  bigeye  have  a  distribution  resembling  that  of  the  yellow- 
fin,   and  albacore  catch  rates  increase  as  one  goes  eastward,   the  so-called  KinanshS  fishing 
grounds  being  thus  shown  to  be  a  superior  albacore  ground. 

It  is  difficult  to  detect  aJiy  clear  trend  for  the  spearfishes,    but  the  catch  rates  Jire 

o  o 

somewhat  better  in  the  extreme  western  portion,    and  between  136     and  138     E. 

o  o 

Table  54,  --Fishing  conditions  by  sections   (25     to  30     N,  , 

130°  to  140°    E.) 


Section 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spear 

fishes 

Total        1 

Nunn- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

130°- 

132°E, 

72,044, 

249 

0.34 

133 

0.  18 

290 

0.41 

53 

0.07 

481 

0.67 

1,206 

1.67 

132°. 

134°E, 

10,077 

21 

0.21 

33 

0,33 

25 

0.25 

23 

0.23 

43 

0,43 

145 

1.45 

134°. 

136°E. 

24,810 

2 

0.01 

168 

0,70 

153 

0.62 

8 

0.03 

64 

0,26 

395 

1.6? 

136°. 

138°E, 

9,785 

3 

0.03 

5 

0,05 

28 

0.28 

266 

2,74 

82 

0.83 

384 

3.95 

138°- 

140°E. 

7,400 

0 

0 

0 

0 

29 

0.39 

388 

5,24 

26 

0.35 

443 

5,  98 
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Comparing  tables  53  asid  54,   fluctuations  in  yellowfin  fishing  conditions  show 
approximately  the  Bame  trend,    as  do  those  for  the  bigeye.     The  trend  for  the  albacore  also  ap- 
pears to  agree,    but  a  very  great  difference  in  catch  rates  can  be  detected.     The  apearfishes  ap- 
pear to  differ  somewhat,   but  it  is  difficult  to  detect  any  clear-cut  tendency. 

Ample  note  should  be  tjiken  of  this  complete  change  in  the  composition  of  the  catch 
north  and  south  of  25     N.   latitude. 

(b)    Ogasawara,    Volcano,    and  Mariana  islands  (20     to  30     N.  ,     140°  to  150°  E.) 

The  northern  part  of  this  sea  area  has  been  exploited  as  a  fishing  ground  since  very 
old  tinnes.      The  southern  portion,    too,    has  quite  a  history  as  a  fishing  ground  and  has  been  fished 
by  many  vessels.      The  principal  components  of  the  catch  are  albacore  and  spearfishes  in  the 
north  and  yellowfin  and  spearfishes  in  the  south.     Among  the  spearfishes  of  the  north  quite  a 
few  broadbill  are  included,   these  being  taken  together  with  albacore  during  the  winter.     The 
spearfishes  in  the  southern  part  of  the  area  are  mainly  striped  nnarlin  and  black  marlin,    and 
their  season  is  in  the  summer. 

Table  55  summarizes  the  data  from  investigations  carried  on  in  this  area. 

Table  55. --Fishing  conditions  in  the  waters  of  the  Ogasawara, 
Volcano,    and  Mariana  islands   (140     to   150     E.  ) 


Area 

Num- 

Black tuna 

Yellowfin 

Big 

eye 

Albacore 

Spearfishes 

Total           1 

Mum- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

20°- 

25°N, 
25°. 

135,691 

0 

0 

395 

0.29 

254 

0.  18 

145 

0.  11 

1,448 

1.07 

2,242 

1.65 

30°N, 

132,214 

10 

0.01 

180 

0.  14 

238 

0,  18 

4,  215 

3,  18 

1,493 

1,  13 

6,  136 

4,63 

Total 

267,905 

10 

0 

575 

0.21 

492 

0,  18 

4,  360 

1,63 

2.941 

1,  10 

8,  378 

3,  12 

Throughout  this  sea  area  as  a  whole  the  catch  rate  is  slightly  more  than  3.  0,    a  bit 

higher  than  that  of  the  area  of  130     to  140     E,   adjoining  on  the  west.     The  principjil  catch  is 

albacore  and  spearfishes.     There  eire  vestigial  catches  of  black  tuna  in  the  northern  part,    but 

they  ajre  not  taken  at  all  in  the  south.     Yellowfin  are  abundcint  in  the  southern  part,    where  their 

catch  rate  is  twice  that  of  the  northern  section.     No  local  differences  in  the  fishing  situation  for 

o 
bigeye     tuna  north  and  south  of  25     N,   can  be  detected,     Albacore  are  extremely  scarce  in  the 

south  but  have  a  fairly  high  catch  rate  in  the  north,     Spearfishes  are  somewhat  more  abundant  in 

the  north,   but  the  difference  is  slight.     Many  sharks,    of  which  the  most  important  is  the  great 

blue  shark,    are  taken  in  this  area,    their  numbers  rivaling  the  combined  total  for  tunas  and 

spearfishes  sind  in  many  cases  surpassing  them. 

If  tables  55  and  50  are  compared,   rather  conspicuous  differences   in  the  values  of  the 
catch  rates  can  be  seen,    but  the  trends  of  changes  in  fishing  conditions  north  and  south  of  25     N. 
are  shown  to  be  in  good  agreement.      This  fact  is  believed  to  show  the  similarity  of  the  pattern  of 
distribution  of  these  fishes  in  both  areas. 

Tables  56  and  57  present  the  fishing  conditions  by  months  in  order  to  show  seasonal 
change*.     The  data  are  unfortunately  not  evenly  distributed,    but  there  are  data  for  almost  the 
whole  year  so  that  it  is  possible  to  ascertain  the  fluctuations  in  fishing  conditions  during  the  year. 
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Table      56.  --Fishing  conditions  by  months  (20     to  25     N. 

140°  to  150°  E.) 


Month 

Number 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Total 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

3,  188 

19 

0.59 

22 

0.69 

7 

0.22 

95 

2.96 

144 

4.49 

Feb. 

12.742 

17 

0.13 

28 

0.22 

8 

0.02 

89 

0.70 

151 

1.  19 

Mar. 

37. 196 

83 

0.22 

84 

0.22 

31 

0.08 

385 

1.04 

583 

1.57 

Apr. 

14,651 

35 

0.24 

10 

0.07 

5 

0.03 

97 

0.69 

147 

1.00 

May 

5.688 

17 

0.21 

0 

0 

1 

0.02 

60 

1.05 

78 

1.37 

June 

5,718 

24 

0.42 

0 

0 

12 

0.21 

69 

1.20 

105 

1.83 

July 

16,668 

84 

0.50 

25 

0.  15 

7 

0.04 

202 

1.21 

318 

1.91 

Aug. 

400 

2 

0.50 

2 

0.50 

0 

0 

6 

1.50 

10 

2.50 

Sept. 

18, 126 

64 

0.35 

27 

0.  15 

69 

0.  38 

133 

0.73 

293 

1.61 

Oct. 

.. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

— 

-- 

— 

Nov. 

1,416 

11 

0.77 

0 

0 

0 

0 

5 

0.35 

16 

1.  13 

Dec. 

1.200 

9 

0.75 

5 

0.42 

0 

0 

20 

1.67 

34 

2.83 

The  overall  catch  rate  for  all     species  reaches    its  mciximum  for  the  year  in  January 
with  slightly  under  4.  5.     The  principal  element  in  the  catch  is  the  spearfishes.     There  is  a  second 
peak  when  the  catch  rate  increases  from  June  to  August.     Here,   too,   the  principal  component  of 
the  catch  is  spearfishes.     Yellowfin  are  most  abundant  in  November  and  December,    and  their 
catch  rate  again  increases  in  June  to  August.     The  bigeye  tuna  increase  and  decrease  in  roughly 
the  sajme  manner  as  the  yellowfin,    with  their  highest  catch  rate  in  January.     No  very  regular 
change*  in  fishing  conditions  for  albacore  can  be  seen,    but  there  are  rather  high  catch  rates  in 
January,    June,    and  September.     Spearfishes  are  most  abundant  in  December  and  January  with 
fairly  high  catch  rates  also  shown  for  the  period  from  May  through  August. 

Table  57  shows  the  situation  for  the  area  of  25     to  30     N.     The  overall  total  catch 
rale  is  at  its  majdmum  in  January  with  slightly  less  them  11  percent.     The  greater  part  of  the 
catch  is  albacore,    other   species    being  extremely  scarce.     From  May  through  July  the  catch 
rates  increase,    with  a  catch  rate  of  4.57  in  May.     The   principal  species   at  this  tinne  are  spear- 
fishes,  the  other  species  being  extraordinarily  scarce.     Some  black  tuna  are  taken  in  May  and 
June.     At  other  seasons  there  is  a  record  of  only  one  of  this  species  in  February.     Yellowfin  in- 
crease somewhat  from  May  through  August  and  from  October  through  December,    with  the  peaks 
in  the  catch  rates  in  July  and  November.      Bigeye  tuna  show  roughly  the  came  pattern  of  increase 
and  decrease  as  the  yellowfin,    but  the  peak  in  the  catch  rates  appearing  in  the  summer  is  not  very 
pronounced.     Albacore  are  abundant  from  January  through  March,    particularly  in  January,    when 
the  catch  rate  goes  above   10.0.       In  the  summer  they  are  taken  only  very  rarely.     The  principal 
fishing  season  for  the  spearfishes  is  from  April  through  July. 


Comparing  tables  56  and  57,    although  there  are  differences  in  the  values  for  the 
catch  rates,   the  trends  of  increase  and  decrease  are  in  good  agreement.     However,    the  conspic- 
uous increase  in  the  spearfishes  shown  for  January  in  table  56  does  not  appear  in  table  57. 


Comparing  the  area  of  25     to  30     N.  , 


130     to  140     E.   shown  in  table  52  with  the  area 


shown  in  table  57,    the  patterns  of  changes  in  fishing  conditions  from  month  to  month  for  each 
species,    excepting  the  black  tuna,    are  in  extrennely  good  agreement.      The  black  tuna  for  the  area 
shown  in  table  52  has  a  high  catch  rate  from  December  through  March.     At  this  season  in  the  area 
shown  in  table  57  almost  none  of  this  species  are  taken.     It  is  thought  worthy  of  note  that  from 
April  through  June,   from  the  waters  of  the  Okinawan  archipelago  on  the  west  eastward  to  this 
sea  area,    black  tuna  are  taken  everywhere. 
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Table  57.  --Fishing  conditions  by  months  (25     to  30 

N.  ,    140°  to  150°  E.) 


Month 

Num- 

Blac 

k  tuna 

Yellowfin 

Big 

eye 

Albacore 

Spear 

fishes 

Total          1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fiah 

rate 

fish 

rate 

Jan. 

15,954 

0 

0 

3 

0.02 

38 

0.24 

1,675 

10.50 

21 

0.  14 

1,737 

10.90 

Feb. 

37,898 

1 

0 

22 

0.06 

67 

0.  18 

1,  198 

3.16 

249 

0.66 

1,  537 

4.06 

Mar. 

28,234 

0 

0 

20 

0.07 

60 

0.21 

1,  389 

4,91 

125 

0.44 

1,594 

5.63 

Apr. 

548 

0 

0 

0 

0 

0 

0 

0 

0 

11 

2.01 

11 

2.01 

May 

15,486 

5 

0.03 

44 

0,28 

0 

0 

0 

0 

652 

4,21 

701 

4.57 

June 

13.959 

4 

0.03 

51 

0.37 

4 

0.03 

1 

0.01 

328 

2,35 

388 

2.79 

July 

3,632 

0 

0 

25 

0.69 

4 

0.  11 

0 

0 

60 

1.65 

89 

2.45 

Aug. 

600 

0 

0 

2 

0.33 

0 

0 

0 

0 

5 

0.83 

7 

1.  17 

Sept. 

4,  140 

0 

0 

7 

0.  17 

1 

0.02 

1 

0.02 

9 

0.22 

18 

0.43 

Oct. 

1,800 

0 

0 

5 

0.28 

8 

0.44 

0 

0 

1  1 

0.61 

24 

1.33 

Nov. 

780 

0 

0 

6 

0.77 

2 

0.26 

1 

0.  13 

I 

0.13 

10 

1.29 

Dec. 

2,712 

0 

0 

6 

0.22 

27 

0,99 

2 

0.07 

12 

0.44 

47 

1.72 

As  the  foregoing  shows,   in  areas  of  about  the  same  latitude,   the  changes  in  fishing 
conditions  for  each  species  from  month  to  month  are  very  similar,    and  this  fact  is  an  interesting 
indication  in  coi\8idering  the  migrational  patterns  of  these  fishes.     It  shows  that     in  the  sea  area 
south  of  the  Japanese  sea  islands,    at  any  rate,    it  is  difficult  to  think  of  these  fishes  as     having 
any  definite  nnigrational  paths. 

Table  58  shows  fishing  conditions  in  this  area  divided  up  by  2     of  longitude  in  order 
to  compare  the  fishing  from  east  to  west. 

o  o 

Table  58. --Fishing  conditions  by  sections   (20     to  25     N.  , 

140°  to  150°  E.) 


Section 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Total          1 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

ber of 

Der  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

140°- 

142°E. 

19,982 

0 

0 

87 

0.44 

18 

0.09 

21 

0.  11 

146 

0.73 

272 

1.  37 

142°- 

144°E. 
144°- 

25. 931 

0 

0 

68 

0.26 

31 

0.  12 

11 

0.04 

234 

0.  90 

344 

1.  32 

146°E. 
146°- 

25, 361 

0 

0 

46 

0.  18 

20 

0,08 

17 

0.07 

270 

1,07 

353 

1.40 

148°E. 

26,655 

0 

0 

110 

0.41 

81 

0.  30 

52 

0.  19 

372 

1.39 

615 

2.29 

148°- 

150°E. 

19.690 

0 

0 

55 

0.28 

42 

0.21 

40 

0.20 

207 

1.05 

344 

1.  74 

For  the  yellowfin  the  local  differences  in  fishing  conditions  are  not  marked.     However, 
catch  rates  are  somewhat  higher  from  140     to  142     E.    and  from  146     to  148     E.     Local  differ- 
ences in  bigeye  catch  rates  are  likewise  not  striking,   but  they  appear  to  be  higher  in  the  east  and 
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lower  in  the  west.     Albacore  also  appear  to  exhibit  a  tendency  to  be  high  in  the  east  and  low  in 
the  west.     The  highest  spearfish  catch  rates  are  in  the  section  of  146     to  148     E. 

o  o 

Table  59. --Fishing  conditions  by  sections  (25     to  30     N.  , 

140°  to  150°  E.) 


Num- 

Black tuna 

Yellowfin 

Big 

sye 

Albacore 

Spear 

fishes 

Total          1 

Num- 

Num- 

Nunn- 

Num- 

Num- 

Num- 

Section 

ber  of 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

ber  of 

Catch 

hooks 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

fish 

rate 

I40°- 

142°E. 

14, 180 

2 

0.01 

45 

0.  32 

29 

0.20 

35 

0.24 

191 

1.34 

302 

2.11 

142°- 

144°E. 

59,085 

8 

0.01 

94 

0.  16 

90 

0.  15 

1,057 

1.79 

865 

1,45 

2,  114 

3.56 

144°- 

146°E. 

41,886 

0 

0 

47 

0.  11 

68 

0.  16 

1,551 

3.70 

419 

1.00 

2,085 

4.97 

146°- 

148°E. 

16, 173 

0 

0 

4 

0.02 

22 

0.  13 

1,492 

9.22 

17 

0.  11 

1,535 

9.48 

148°- 

150°E. 

990 

0 

0 

0 

0 

0 

0 

80 

8.08 

1 

0.  10 

81 

8.  18 

Between  25     and  30     N.  ,    as  table  59  shows,   black  tuna  have  been  taJ^en  only  in  the 
section  from  140     to  144     E.     Yellowfin  catch  rates  are  highest  in  the  west  and  tend  to  decrease 
gradually  to  the  eastward,    and  similar  trends  appear  for  bigeye  tuna  and  spearfishes.     Albacore 
show  the  opposite  trend,    with  catch  rates  low  in  the  west  and  increasing  gradually  to  the  east. 

In  tables  58  and  59  no  account  at  all  is  taken  of  the  seasons,    but  it  is  clear  from 
tables  56  and  57  that  there  are  notable  seasonal  changes  in  fishing  conditions.     However,    if  the 
data  in  tables  58  and  59  are  considered  with  attention  to  seasonal  differences,   these  few  data  are 
further  extended  and  diluted  to  the  point  where  they  do  not  have  much  significance.     As  tables  56 
and  57  show,   for  the  area  from  20     to  25     N.   there  are  more  data  for  the  summer  (April  to 
September)  than  for  the  winter   (October  to  March).     For  25     to  30     N.,    on  the  contrary,  there   are 
nniore  data  for  the  winter  season,    more  than  twice  as  nnuch  aa  for  the  summer,    and  this  fact  must 
be  talten  into  consideration  in  connparing  fishing  conditions  in  the  two  areas. 

Another  problem  which  must  be  tauken  up  together  with  the  changes  in  the  fishing 
conditions  from  season  to  season  is  that  of  the  changes  produced  by  differences  in  the  fishing  gear. 
This  problem  is  not  limited  to  only  this  sea  area.      The  gear  used  in  the  winter  north  of  25     N.   is 
mostly  the  so-called  albacore  line,    and  in  view  of  its  construction  it  goes  without  saying  that  some 
correction  is  necessary  in  order  to  judge  the  fishing  conditions  solely  on  the  basis  of  catch  rates. 
However,    on  the  one  hand,    most  of  the  data  do  not  record  the  construction  of  the  fishing  gear  and 
thus  afford  no  clear  basis  for  a  correction,    and  on  the  other  hand,    as  was  set  forth  in  Chapter  7, 
there  is  no  accurate  method  of  making  such  a  correction.     Consequently,    in  evaduating  the  fishing 
conditions  for  these  species,    and  in  considering  the  pattern  of  their  distribution,    the  catch  rates 
for  yellowfin,    bigeye  tuna,    and  spearfishes  north  of  25     N.   latitude  cannot  be  said  to  have  exactly 
the  same  significance  as  the  catch  rates  south  of  that  latitude.     The  same  thing  is  true  of  the 
albacore.     However,    it  is  probably  possible  to  discuss  the  patterns  of  distribution  in  terms  of 
trends. 

This  sea  area  can  be  thought  of  as  a  comparatively  stabilized  fishing  ground  throughout 
the  year.     In  the  southern  portion  in  December  and  Jainuary  and  for  a  few  months  in  the  summer 
the  catch  rates  are  high  and  the  principal  catch  is  spearfishes.     In  the  northern  part  the  catch 
rates  are  high  from  Jainuary  through  March  and  from  May  through  July,    with  albacore  the  princi- 
pal catch  in  the  winter  aind  spearfishes  in  the  summer.     Among  the  spearfishes  taken  in  the 
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summer  striped  maurlin  of  50  to  100  pounds  predominate  in  the  early  part  of  the  season. 
Thereafter  the  black  marlin  increase  auid  at  the  peak  of  the  fishing  season,    rather  small  black 
mairlin  of  80  to   160  pounds  are  most  numerous.     Many  sharks,    principally  great  blue  sharks, 
are  taken  throughout  the  year,    and  at  times  they  make  up  more  than  half  the  total  catch. 


(c)    East  of   150    E. 


(20°  to  50°  N.  ) 


The  only  land  in  this  area  is  Marcus  Island  at  24     30'  N.  ,    154     E.  ,    and  oceanographic 
conditions  are  comparatively  uniform.      The  northern  part  of  the  area  includes  a  patrt  of  the 
albacore  grounds  which  extend  on  to  the  north  and  east  and  is  an  excellent  ground  for  this  species. 
The  southern  pajt,    except  for  the  vicinity  of  Marcus  Isljmd  and  on  to  the  eastward,    is  almost  a 
virgin  fishing  ground  with  few  survey  data,    and  its  significance  and  value  as  a  fishing  ground  aure 
little  known.     The  vicinity  of  Marcus  Island  is  a  fishing  ground  principally  for  spearfishes  and 
yellowfin  tuna,    and  the  fishing  situation  there  is  in  general  sinnilar  to  that  of  the  Ogasawara 
Islands  area. 

The  following  table  summarizes  the  survey  data  for  this  sea  area. 

Table  60. --Fishing  conditions  between  150     and  180 
E.    (20     to  30°  N. ) 


Section 

Num- 
ber of 
hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Total           1 

Num- 
ber of 
fish 

Catch 
rate 

Num- 
ber of 
fish 

Catch 
rate 

Num- 
ber of 
fish 

Catch 
rate 

Num- 
ber of 
fish 

Catch 
rate 

Num- 
ber of 
fish 

Catch 
rate 

Num- 
ber of 

fish 

Catch 
rate 

20°. 
25°N. 
25°. 
30°N. 

Total 

48,956 

329, 565 
378,521 

0 

6 
6 

0 

0 
0 

286 

37 
323 

0.58 

0.01 
0.09 

291 

1,523 
1,821 

0.61 

0.46 
0.50 

56 

13,776 
13,832 

0.  11 

4.  16 
3.65 

490 

585 

1,  075 

1.00 

0.  18 
0.28 

1,  130 

15,927 
17,057 

2.30 

4.81 
4.  51 

The  overall  catch  rate  is  slightly  over  4.5.     Fishing  conditions  north  and  south  of  25 
N.   are  very  different,   with  spearfishes  most  abundant  in  the  south  followed  by  bigeye  tuna  and 
yellowfin.     North  of  25     N.    albacore  make  up  the  majority  of  the  catch.     No  black  tuna  have  been 
taken  in  the  southern  part  of  the  area,   but  some  very  scattered  catches  have  been  made  in  the 
northern  part.     Yellowfin  are  much  scarcer  in  the  northern  part  them  in  the  southern  part,    there 
is  no  great  difference  in  the  abundance  of  bigeye,    and  albacore  are  extremely  scarce  in  the 
southern  portion,    although  they  make  up  more  than  half  of  the  catch  in  the  northern  part.     The 
spearfishes  are  much  less  abundant  in  the  northern  part  of  this  area. 

If  this  is  compared  with  the  situation  in  the  waters  of  the  Ogasawara,    Volcano,   and 
Mariana  islands  described  earlier,   there  are  hardly  any  differences  except  that  in  the  southern 
part  the  yellowfin  and  bigeye  are  quite  a  bit  more  abundant  in  this  region.     In  the  northern  portion 
this  area  shows  somewhat  of  a  decrease  in  the  nunnber  of  yellowfin  sind  spearfishes  and  a  marked 
increase  in  bigeye.       The  albacore  catch  rate  is  also  a  little  less  than  1.0  per  hundred  higher 
in  this  sea  area.     It  is  a  characteristic  of  this  sea  area  that  bigeyed  tuna  catch  rates  show  a 
rather  marked  overall  increase.     However,    it  is  thought  that  the  reason  for  this  is  mainly  the  un- 
even seasonal  distribution  of  the  data. 

Seasonal  changes  in  fishing  conditions  cannot  be  determined  accurately  because  the 
data  are  almost  entirely  limited  to  the  winter.  Changes  in  the  fishing  conditions  from  month  to 
month  for  that  part  of  the  year  for  which  data  are  available  are  presented  in  tables  6l  and  62. 
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Table  61. --Fishing  conditions  by  months  (20     to  25     N. 

150°  to  180°  E.) 


Month 

Number 

Yellowfin 

Bige 

ye 

Albacore 

Spearfi 

shes 

Total            1 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

7,552 

102 

1.35 

107 

1.41 

22 

0.29 

96 

1.28 

327 

4.  33 

Feb. 

15,681 

108 

0.62 

113 

0.72 

22 

0.  14 

246 

1.56 

489 

3.  12 

Mar. 

7,098 

2 

0.03 

33 

0,46 

1 

0.01 

55 

0.77 

91 

1.28 

May 

6,888 

35 

0.51 

0 

0 

1 

0.01 

31 

0.45 

69 

1.00 

June 

2,000 

1 

0.05 

1 

0.05 

2 

0.  10 

5 

0.25 

9 

0.45 

July 

3,800 

1 

0.02 

0 

0 

4 

0.  11 

21 

0.  55 

26 

0.68 

Nov. 

1.953 

26 

1.33 

18 

0.92 

0 

0 

3 

0.  15 

47 

2.40 

Dec. 

2,460 

11 

0.45 

21 

0.85 

0 

0 

10 

0.41 

42 

1.50 

Table  62.  --Fishing  conditions  by  months  (25 
150°  -   180°  E.) 


30°  N. 


Month 


Num- 
ber of 
hooks 


Num- 
ber of 
fish 


Black  tuna 


Catch 

rate 


Yellowfin 


Num- 
ber of 
fish 


Catch 
rate 


Bigeye 


Num- 
ber of 
fish 


Catch 
rate 


Albacore 


Num- 
ber of 

fish 


Catch 
rate 


Spearfishes 


Num- 
ber of 
fish 


Catch 
rate 


Total 


Num- 
ber of 
fish 


Catch 
rate 


Jan. 

Feb. 

Mar. 

May 

July 

Dec. 


108,878 
86,72 

125,941 
1,  300 
1,  000 
2,996 


20 
10 

2 

1 

0 

2 


0.02 
0.01 

0 
0.07 

0 
0.07 


720 

502 

289 

2 

0 

5 


0.66 
0.58 
0.23 
0.  15 

0 
0.  17 


6,337 

3,  142 

4,  319 

0 

0 
2 


5.82 
3.62 
3.43 

0 

0 
0.07 


187 

160 

197 

0 

6 

32 


0.  17 
0.  19 
0.  16 
0.  30 
0.60 
1.07 


7,264 
3,815 
4,812 

7 

6 

41 


6.67 
4.40 
3.82 
0.52 
0.60 
1.38 


In  general  the  catch  rate  is  low  in  the  summer  and  high  in  the  winter  with  the 
maximum  in  January.     Although  the  data  can  hardly  be  said  to  be  adequate,   the  yellowfin  catcl 
rate  for  November  and  Janur.ry  is  over   1.0.     The  bigeye     fluctuate  in  approximately  the  Scime 
fashion  as  the  yellowfin.     Albacore  have  their  peak  catch  rate  in  Jjuiuary;  spearfishes  are  most 
abundant  from  January  through  March  with  their  peak  in  February.     Data  for  the  summer  are  in- 
adequate,   but  it  appears  that  catch  rates  increase  from  May  through  July. 

If  this  is  compared  with  the  southern  part  of  the  Ogasawara  Islands  area  [see  table  56), 
the  trends  of  increase  and  decrease  for  the  yellowfin  are  roughly  in  agreement,    although  the 
catch  rate  values  are  different.     Bigeye  tuna  and  albacore  are  Jilso  quite  similar,    and  approxi- 
mately the  same  sort  of  trend  is  shown  for  the  spearfishes. 

Table  62  shows  changes  from  month  to  month  in  the  fishing  conditions  in  the  northern 
section  (25°  to  50°  N. ). 

Fishing  is  good  from  December  on,    with  the  highest  catch  rate  in  January.     During 
February  and  March  catch  rates  fall  off  gradually.     For  the  summer  there  are  only  a  few  data  for 
May  and  July  and  no  sort  of  analysis  can  be  given  with    just   these  data,    however  they  appear  to 
show  that  fishing  is  extremely  poor. 

Considering  the  individual  species,   black  tuna  are  taken  very  rarely  in  February  and 
March;  yellowfin  appear  to  be  taken  throughout  the  year  but  in  such  numbers  that  it  is  hardly 
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worth  while  discussing  their  significance  in  the  catch.     Bigeye  tuna  have  their  highest  catch  rate 
in  JaJiuary,    are  still  fairly  abundant  in  February,    and  thereafter  gradually  decrease.     Albacore 
suddenly  become  abundjint  in   January    and  continue  to  show  rather  high  catch  rates  in    February 
and  March,    but  they  appear  to  be  taken  hardly  at  all  in  the  sunnmer.     The  spearfishes  show  their 
highest  catch  rate  of  the  year  in  December.     From  January  to  March  they  continue  to  be  taken 
with  no  great  changes  in  their  catch  rates.     It  appears  that  their  catch  rate  again  tends  to  in- 
crease in  the  summer,    but  as  there  aie  very  few  data  it  is  difficult  to  describe  the  situation  ac- 
curately. 

If  we  compare  the  foregoing  with  conditions  in  the  southern  part  of  the  sea  area,   the 
trends  of  increase  and  decrease  are  in  agreement,    although  there  are  differences  in  the  catch 
rate  values  for  yellowfin,    bigeye,    albacore,    and  spearfishes.     However,    in  the  case  of  the  spear- 
fishes there  is  a  difference  in  the  month  in  which  the  pezik  catch  rate  appears  in  the  winter,    this 
being  earlier   (December)  in  the  north  and  later   (February)  in  the  south. 

Comparing  table  62  with  table  57  (northern  part  of  the  Ogasawara  Islands  area),   the 
trends  of  seasonal  fluctuations  in  the  catch  rates  axe  very  similar,   but  the  peaks  in  the  catch 
rate  in  the  Ogasawara  ajrea  appear  to  be  generally  about  one  nnonth  earlier. 

The  following  table  shows  changes  in  fishing  conditions  with  longitude. 

Table  63.  --Fishing  conditions  by  sections  (20     -  25     N.  , 
150°  -   180°  E.) 


Section 

Number 

Yellowfin 

Bigey 

e 

Albacore 

Spearfishes 

Total           1 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

150°-152°E. 

18,072 

29 

0.  16 

62 

0.34 

4 

0.02 

219 

1.21 

314 

1.73 

152°-154°E. 

8,864 

59 

0.66 

25 

0.28 

3 

0.03 

65 

0.73 

152 

1.70 

154°-156°E. 

16,220 

196 

1.21 

210 

1.29 

43 

0.26 

172 

1.06 

621 

3.82 

162°-164°E. 

1,000 

1 

0.  10 

I 

0.  10 

0 

0 

1 

0.  10 

3 

0.30 

166°-168°E. 

1,700 

I 

0.06 

0 

0 

2 

0.  12 

7 

0.41 

10 

0.59 

168°-170°E. 

700 

0 

0 

0 

0 

1 

0.  14 

5 

0.71 

6 

0.85 

170°-172°E. 

2,400 

0 

0 

0 

0 

3 

0.  12 

13 

0.54 

16 

0.66 

The  catch  rates  are  highest  in  the  section  between  154     E.   and  156     E.     In  the 
sections  farther  to  the  west  they  are  about   1.  7,   while  to  the  eastward  the  rates  are  very  low. 
Both  yellowfin  and  bigeye  are  most  abundant  between  154     and  156     E.  ,   while  spearfishes  are 
most  abundant  in  the  extreme  western  part,   with  rather  high  catch  rates  centering  around   155     E. 
This  fact  is  thought  to  indicate  that  the  vicinity  of  Marcus  Isljind  is  a  fairly  good  fishing  ground 
for  this  species. 

If  changes  in  the  fishing  conditions  resulting  from  the  uneven  seasonal  distribution  of 

the  data  are  ignored,    the  highest  catch  rates  are  shown  for  the  sections  centered  on   155     E.  , 

,    o  o 

165     E.  ,    and   175     E.     Taking  up  the  species  individually,    yellowfin  are  taken  rarely  throughout 

the  whole  area  auid  it  is  difficult  to  recognize  any  local  variations  in  the  catch  pattern.      Bigeye 

show  a  tendency  to  be  somewhat  more  abundant  in  the  vicinity  of  160     E.  ,    165     E. ,    and  175     E. 

Albacore  are  the  moat  important  element  in  the  catch  throughout  the  whole  area,    and  the  local 

variations  in  their  catch  rates  agree  perfectly  with  those  of  the  total  catch  rate.     Their  pattern  is 

also  in  rough  agreement  with  that  for  the  bigeye  tuna.     Spearfish  catch  rates  are  somewhat  higher 

in  the  extreme  western  portion,    that  is,    near  to  Japanese  waters,    Jind  they  appear  to  present 

roughly  equal  catch  rates  from  the  vicinity  of    160     on  eastward.     South  of  25     N.    the  data  are 

scarce  and  are  completely  lacking  for  many  sections,    so  it  is  almost  impossible  to  make  any 

comparison  between  the  northern  and  southern  parts  of  the  area. 


96 


o  o 

Table  64.  --Fishing  conditions  by  sections  (25     -  30     N, 

150°  -   180°  E.) 


Section 

Number 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Total            1 

Number 

Catch 

Numbe  r 

Catch 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

150°.152°E. 

2,946 

2 

0.07 

5 

0,  17 

36 

1.22 

23 

0,79 

66 

2.25 

o           o 
152    -154   E. 

12,825 

2 

0.02 

21 

0,  16 

312 

2.43 

82 

0.64 

417 

3.25 

154°-156°E. 

5,726 

1 

0.02 

2 

0,03 

223 

3.89 

22 

0,38 

248 

4.32 

156°-158°E. 

4,239 

0 

0 

8 

0,  19 

21 

0.49 

3 

0.07 

32 

0.75 

158°-160°E. 

1,918 

0 

0 

1 

0,05 

7 

0.36 

5 

0.25 

13 

0,66 

160°-162°E. 

7,320 

0 

0 

48 

0,66 

85 

1.16 

16 

0.22 

149 

2.04 

162°-164°E. 

8,270 

2 

0.02 

9 

0.  11 

152 

1.85 

16 

0.  18 

179 

2.16 

164°-I66°E. 

10,420 

7 

0,07 

65 

0,62 

617 

5.92 

17 

0.  16 

706 

6.77 

166°-168°E. 

4,631 

0 

0 

13 

0,28 

138 

2.98 

8 

0,  17 

159 

3.43 

168°-170°E. 

23, 128 

0 

0 

65 

0,28 

809 

3.50 

19 

0.08 

893 

3.86 

170°-172°E. 

39,714 

0 

0 

97 

0,24 

1,  651 

4.16 

37 

0.  10 

1,785 

4.50 

172°-174°E. 

53,762 

16 

0,03 

351 

0,65 

2,  701 

5.02 

41 

0.08 

3,  109 

5.78 

174°-176°E. 

96, 908 

3 

0 

758 

0,78 

5.  346 

5.52 

199 

0.21 

6,306 

6.51 

176°-178°E. 

21, 326 

4 

0,02 

39 

0.  18 

732 

3.43 

44 

0.21 

817 

3.84 

178°-180°E. 

36,432 

0 

0 

41 

0,  11 

946 

2,60 

53 

0.  14 

1,040 

2.89 

As  nnentioned  earlier,    data  for  the  southern  part  of  the  area  are  almost  limited  to  the 
vicinity  of  Marcifs  Island.     Data  for  the  northern  part  are  generally  distributed,    however, 
seasonally  they  are  restricted  to  the  winter.     Consequently  we  are  not  able  on  the  basis  of  these 
data  to  clarify  connpletely  the  total  significance  which  the  central  subtropical  Pacific  sea  aiea  has 
as  a  fishing  ground.     Nevertheless,    if  we  tally  all  the  facts  recorded  above,    it  is  clear  that  the 
whole  area  to  the  east  of  150     E.  longitude  in  the  western  Pacific  subtropical  zone  may  have  a 
uniform  significance  and  value  as  a  fishing  ground.     As  was  stated  earlier,   the  subtropical  con- 
vergence runs  east  and  west  through  this  axea,    and  north  and  south  of  that  convergence  the 
current  systems  Jind  the  significance  of  the  fishing  grounds  are  quite  different.     That  is,   to  the 
south  the  principal  components  of  the  catch  are  yellowfin,    bigeye     tuna,    and  spearfishes,    while 
to  the  north  the  main  catch  is  albacore.     However,    at  some  seasons  bigeye  tuna  may  also  be 
extremely  important. 

For  the  western  Pacific  subtropical  sea  area  as  a  whole,  -it  appears  that  there  is,   in 
addition  to  the  north-south  difference  on  either  side  of  the  subtropical  convergence,    a    difference 
from  east  to  west.      This  east-west  difference  is  largely  determined  by  the  topography  or  the 
presence  of  islands,    and  in  this  sense  the  area  may  be  divided  into  the  Okinawa- Og as awara- 
Volcano  Islands  region  cind  the  waters  to  the  east  of  it,   each  having  its  own  characteristics  as  a 
fishing  ground.     As  will  be  related  later,   the  distributional  patterns  of  tunas  and  specirfishes  quite 
definitely  differ  around  the  Izu  2ind  Ogasawara  islands,    and  it  is  known  that  for  some    species 
the  fishing  conditions  may  differ  nnarkedly  in  the  waters  to  the  east  ajid  west  of  these  islands. 

11.     Nankai  sea  area  (30°  to  35°  N.,    1  30°  to  140°  E, ) 

The  waters  from  south  of  Kyushu  to  off  the  BoBo  Peninsula,   from  30     to  35     N,  ,   will 
be  described  under  the  provisional  designation  of  Nankai  sea  area. 

This  area  is  almost  entirely  within  the  Kuroshio  current,    with  the  current  flowing 
constantly  east  or  northeast  along  the  cocist  of  Japam,     The  so-called  Kuroshio  Countercurrent 
appears  off  the  Kii  peninsula  and  east  of  the  Izu  Islands. 
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Table  65  shows  the  oceanographic  conditions  in  this  area  based  on  considerable  data. 
The  water  color  is  generally  II  or  III  on  Forel's  scale,    and  transparencies  atre  low,    about  20 
meters. 

The  extreme  western  part  of  this  area  in  the  vicinity  of  Tanegjishima  is  famous  as  a 
black  tuna  fishing  ground,   but  in  recent  years  no  fish  have  been  taken  at  all  3uid  no  boats  have 
been  operating  there.     The  fishing  season  was  limited  to  the  winter,   beginning  around  December 
and  with  the  peak  of  the  season  in  January  and  February.      The  main  base  for  this  fishery  was  the 
port  of  Aburatsu  in  Miyazaki  Prefecture,    and  the  amount  of  lajidings  and  changes  in  the  size  of 
fish  for  a  number  of  years  at  that  port  are  shown  in  figure      12. 
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Figure   12,  --Annual  changes  in  black  tuna  landings 
and  average  weight  at  Aburatsu 


Table  65,  — Oceanographic  conditions  in  the  vicinity 
of  32°  N. ,    133°  30'  E. 


Month 

Temperatur 

ere) 

Salinity                          | 

0  m 

50  m 

100  m 

0  m 

50  m 

100  m 

Feb. 

17.7 

17.0 

16,0 

34.85 

34.92 

34.79 

May 

21.7 

19.3 

17,2 

34.76 

34.85 

34.63 

Aug. 

27.7 

26.7 

23,8 

34.  11 

34.  14 

34,56 

Nov. 

24.6 

24.6 

24.6 

34.69 

34.65 

34.65 

It  is  clear  from  the  figure  that  a  rapid  increase  in  the  number  of  black  tuna  landed  at 
Aburatsu  began  in  the  early  years  of  the  Showa  Era,  the  peak  being  reached  in  1931  with  landings 
of  about  43,  000  fish.  From  1932  through  1933  there  was  a  gradual  decline,  and  then  the  landings 
continued  without  much  chamge  at  around  20  to  30  thouscind  fish  fronn  1933  to  1939.  There  was  a 
fairly  marked  increase  to  35,  000  fish  in  1940.  From  1941  on  the  catch  fell  off  steeply,  and  from 
1945  to  the  present  there  has  been  hardly  any  catch  at  all. 

As  for  the  size  of  the  fish,   the  average  weight  in  1927  and  1928  was  around  165 
pounds,   in  1929  this  suddenly  increased  to  about  396  pounds.     From  1930  to  around  1938  the 
average  weight  fluctuated  between  331  zmd  410  pounds.     From  1939  on  the  fish  increased  in  size 
from  year  to  year  and  after   1942  the  average  was  about  496  pounds. 
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Table  66.  --Oceanographic  conditions  in  the  vicinity 
of  30°  N. ,    134°  30'  N. 


Month 

Temperature  {"  C.) 

Salinity                           | 

0  m 

50  m 

100  m 

0  m 

50  m 

100  m 

Feb. 

18.7 

18.5 

18.5 

34.90 

34.83 

34.88 

May 

23.5 

21.6 

20.2 

34.72 

35.01 

34.87 

August 

29.0 

24.4 

21.  1 

34.56 

34.63 

34.85 

Nov. 

24.6 

24.6 

23.3 

34.54 

34.69 

34.78 

Table  67.  --85  miles  south  by  east  of  Gozamisaki 


Month 

Temperature  (°  C.  ) 

Salinity                           | 

0  m 

50  m 

100  m 

0  m 

50  m 

100  m 

Feb. 

17.7 

17.9 

17.5 

34.88 

34.94 

35.01 

May 

19.0 

16.3 

15.0 

34.52 

34.74 

34.76 

Aug. 

27.3 

18.2 

16.0 

34.  16 

34.49 

34.49 

Nov. 

22.8 

20,  6 

17.2 

-- 

-- 

-- 

From  the  foregoing  it  appears  that  during  the    period  when  the  fishery  was  in  a 
stabilized  condition,    with  no  great  difference  in  the  number  of  fish  taken  from  year  to  year,   there 
were  schools  made  up  of  approximately  the  same  sizes  of  fish  migrating  into  the  grounds  every 
year     at  a  more  or  less  definite  season.     However,    as  the  size  of  these  migrating  fish  increased, 
their  numbers  declined  abruptly,    and  finally  a  condition  was  brought  about  where  no  fish  were 
taken  at  all. 

As  explained  in  the  foregoing,  hardly  any  black  tuna  are  now  taken,  but  a  certain 
number  of  bigeye  tuna  and  spearfishes  are  caught  at  present,  the  bigeye  tuna  being  the  most 
important. 

In  the  west  coast  waters  of  Kyushu,    which  adjoin  this  sea  area  on  the  west,   the  catch 
is  almost  entirely  composed  of  spearfishes.     The  fishing  ground  for  the  most  part  is  along  the 
100-fathom  line  in  the  East  China  Sea.     The  best  known  fishing  ground  is  in  the  vicinity  of  Saishu 
To    (Quelpajrt  Island),    but  some  fish  are  also  taken  across  the  Tsushima  Strait  in  the  southern 
part  of  the  Sea  of  Japan.     In  August  and  September  the  fishing  grounds  are  centered  around  Saishu 
To,   but  thereafter  with  the  passage  of  time  they  gradually  shift  to  the  southward. 

Spearfishes  are  abundant  from  the  waters  around  Tanegashima  north  to  the  region  of 
the  Hyuga  Nada,    and  the  harpoon  fishery  in  this  area  is  at  its  peak  from  April  through  June. 
Farther  to  the  eastward,    between  the  waters  of  Tosa  and  the  Kishu  region,    the  black  tuna  catch 
declines  sharply  and  albacore  become  the  most  innportant  item  in  the  catch.     Next  to  the  albacore, 
bigeye  tuna  are  the  most  abundant,    and  at  certain  seasons  some  yellowfin  aind  spearfishes  are 
taken.       Farther  to  the  eastward  in  the  Izu  Islands  region,   the  makeup  of  the  catch  is  again  dif- 
ferent,   spearfishes  being  the  most  innportant  element  in  the  catch  here  and  surpassing  the  tunas. 

Thus  the  connposition  of  the  catch  is  different  in  the  different  sea  areas,    and  fishing 
is  carried  on  using  gear  of  different  construction.     It  may  be  thought  that  the  differences  in  the 
catch  are  due  to  the  differences  in  the     construction  of  the  gear,    but  the  actual  truth  is  probably 
that  differences  in  the  distribution  of  the  species  have  brought  about  the  chajiges  in  the  construc- 
tion of  the  fishing  gear.     The  foregoing  refers  only  to  the  longline  fishery,    and  in  actuality 
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rather  large  numbers  of  albacore  and  young  yellowfin,   bigeye,    and  black  tuna  are  taken  by  pole 
and  line  fishing,    while  the  catch  of  fixed  gear  in  some  years  is  by  no  means  small. 


sea  area. 


Table  68  sumnnarizes  data  from  the  surveys  which  have  been  carried  on  in  the  Nankai 


Table  68,  --Fishing  conditions  in  the  Nankai  sea  area 


Number 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

815 

257,001 

807 

0,  31 

106 

0,04 

745 

0.29 

4,  754 

1.84 

622 

0.24 

The  overall  average  catch  rate  is  slightly  over  2,  7.     From  60  to  70  percent  of  the 
catch  is  albacore,   followed  by  black  marlin  and  bigeye  tuna,     Yellowfin  are  almost  without  signifi- 
cance as  an  objective  of  the  fishery. 

If  this  area  is  divided  into  sections  of  2     of  longitude,    and  the  fishing  situation  for  each 
of  these  sections  is  plotted,    we  get  the  following  curves   (figure   13), 
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Figure  13, --Catch  rates  by  2  sections  (30  -  35  N.  , 

130°  -  140°  E.) 
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As  the  figure  clearly  shows,   black  tuna  have  a  catch  rate  of  slightly  under   1.0  in  the  section  from 
130     to   132     E.    longitude,   but  farther  to  the  east  the  decline  in  the  catch  rate  is  extremely  con- 
spicuous.    The  yellowfin  catch  rate  is  very  low  with  little  difference  throughout  the  whole  area. 
The  bigeye  tuna  decrease  somewhat  in  the  section  between  132     and   134     E.   longitude,    and  tend 
to  increase  steadily  to  the  eastward.     Spearfishes  decrease  gradually  from  the  extreme  west 
toward  the  central  portion,   then  increase  sharply  in  the  vicinity  of  the  Izu  Islands  until  the  catch 
rate  is  slightly  over   1.0.     Albacore  show  a  conspicuous  increase  in  the  central  part  of  the  area, 
where  the  catch  rate  is     4.  2. 

In  the  extreme  western  section  around  Tanegashinna  black  tuna  are  the  most  important 
element  in  the  catch,    in  the  central  part  around  the  Kinan  Shoals  albacore  are  the  main  species, 
and  in  the  far  eastern  section  around  the  Izu  Islands  spearfishes  make  up  the  greater  part  of  the 
catch.     This  situation  is  very  clearly  shown  by  the  figure. 

In  order  to  see  the  seasonal  changes  in  the  fishing,    catches  for  each  month  have  been 
shown  in  table  69.     The  inequality  in  the  seasonal  distribution  of  the  data  is  very  great,    and  for 
this  reason  it  is  difficult  to  grasp  fully  the  changes  from  month  to  month  in  fishing  conditions. 
Leaving  aside  all  considerations  of  areas  and  sunnmarizing  the  data  for  this  sea  area  as  a  whole, 
it  is  shown  that  black  tuna  are  more  abundant  in  the  winter,    with  their  highest  catch  rates  for  the 
ye  £ir  from  March  through  April.     Yellowfin  are  generally  scarce,   but  they  increase  somewhat 
around  April  and  then  have  their   highest  catch  rates  for  the  year  from  October  through  November. 
Bigeye  tuna  are  not  taken  at  all  during  the  summer,   their  highest  catch  rate  for  the  year  being  in 
October,    after  which  they  gradually  decline.     Albacore  are  hardly  taken  at  all  during  the  summer; 
their  catch  rates  gradually  improve  from  December  to  February,    after  which  they  decrease 
suddenly  in  March. 

The  foregoing  is  based  exclusively  on  the  longline  fishery  with  no  consideration  of  the 
pole-and-line  fishery.     The  pole-and-line  catch  is  fairly  large  at  certeiin  seasons,   but  the  fish 
taken  are  generally  small. 

In  addition  the  fishery  with  fixed  gear  takes  Sonne  yellowfin  and  black  tuna,    and  the 
catch  in  certain  years  is  fairly  considerable.     The  fishing  season  for  these  fisheries  is   mainly 
in  the  summer. 

The  situation  is  not  entirely  cle2ir  because  there  are  very  few  data  for  July  and  none 
at  all  for  August  and  September,   but  it  is  shown  that  in  general  spearfishes  are  abundant  in  the 
summer,   with  a  truly  high  catch  rate  of  6.8  in  June,    showing  that  considerable  catches  can  be 
anticipated.     This  high  catch  rate  is  based  on  data  obtained  almost  entirely  from  the  waters  adja- 
cent to  the  Izu  Islands.     There  are  no  data  for  other  parts  of  the  area  so  they  cannot  be  shown,   but 
it  appears  that  in  recent  years  a  large  number  of  harpoon  boats  have  operated  in  the  Hyuga  Nada 
area  with  fairly  good  success,    the  season  extending  from  2  to  3  months  centered  around  May. 

Fishing  for  spearfishes  in  the  Ogasawara  Islands  area,   which  adjoins  the  Izu  Islands 
area  on  the  south,    is,    as  has  already  been  stated,   good  from  April  through  July  in  the  northern 
section  (25     to  30     N.  ),    with  the  catch  rate  reaching  a  high  in  May  of  4.2.     Consequently  it  is 
thought  that  there  is  a  lag  of  about  1    month  between  the  pealc  of  the  spearfish  season  in  the  north- 
ern Ogasawaras  jmd  the  waters  adjacent  to  the  Izu  Islands. 

As  was  stated  earlier,    in  the  winter  the  central  part  of  this  region  produces  a  large 
adbacore  catch,    and  in  the  most  westerly  part  the  black  tuna  fishery  is  at  its  peauk.     In  the  summer 
there  is  a  general  tendency  for  the  spearfish  catch  to  increase  markedly,    this  trend  being  partic- 
ularly conspicuous  in  the  waters  adjacent  to  the  Izu  Islands.     However,   the  fishing  season  is 
short.     From  October  on  there  is  some  increase  in  the  yellowfin  and  bigeye     catch. 

The  overall  catch  rate  throughout  the  year  is  shown  to  be  slightly  more  than  2.  7,    but 
if  the  distance  between  the  bases  and  the  fishing  grounds  is    taken  into  consideration,    it  is  not 
correct  to  say  that  the  grounds  of  this  sea  area  are  very  inferior.     Besides  the  tuna  and 
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spearfishea,    an  equeil  or  greater  number  of  sharks  are  taJcen  and  considerable  numbers  of  other 
miscellaneous  fish  are  also  captured,    so  it  is  believed  that  if  no  error  is  made  in  selecting  a 
fishing  ground  and  if  consideration  is  given  to  the  season,    the  grounds  of  this  area  present  quite 
advantageous  conditions  for  nnedium-sized  and  small  vessels. 

Table  69.  --Fishing  conditions  by  months  (Nankai  sea 
area) 


Month 

Number 
of 

Number 

Black  tuna 

Ye  Ho  wf  in 

Bigey 

e 

Albacore 

Spearfishes       | 

Number 

Catch 

Numbe  r 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jam. 

128 

73,843 

209 

0.28 

22 

0.03 

244 

0.33 

1,  761 

2.39 

72 

0.  10 

Feb. 

293 

81,460 

366 

0.45 

10 

0.01 

177 

0.22 

2.430 

2.98 

186 

0.22 

Mar. 

210 

40,809 

266 

0.65 

12 

0.03 

52 

0.  13 

347 

0.85 

117 

0.29 

Apr. 

23 

1,  014 

29 

1.  51 

5 

0.26 

1 

0.05 

0 

0 

3 

0.  15 

May 

11 

3,704 

3 

0.08 

2 

0.06 

0 

0 

0 

0 

70 

1.89 

June 

9 

1,  764 

0 

0 

1 

0.05 

0 

0 

2 

0.  11 

120 

6.80 

July 

2 

800 

0 

0 

1 

0,  12 

0 

0 

0 

0 

4 

0.50 

Aug. 

-- 

-- 

-- 

-- 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Sept. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Oct. 

15 

3.  500 

0 

0 

13 

0.37 

36 

1.03 

0 

0 

7 

0.20 

Nov. 

27 

10,249 

1 

0.01 

24 

0.23 

52 

0.51 

15 

0.  15 

8 

0.08 

Dec. 

86 

39,511 

12 

0.03 

17 

0.04 

160 

0.40 

4  34 

I.  10 

30 

0.08 

The  Tanegaahinna  area  in  the  extreme  western  part  of  this  region  is  famous  as  a  black 
tuna  ground,    but  at  present  it  hzis  almost  entirely  lost  its  significance  and  vjilue  as  a  fishing 
ground  for  this  species.     It  is  thought,    however,   that  this  condition  is  probably  the  result  of 
cyclical  changes  in  oceanographic  conditions,    and  it  is  anticipated  therefore  that  in  the  future  it 
will  recover  its  value  as  a  fishing  ground. 


12.     Area  east  of  the  Izu  Islands  (30 


35°  N. 


140°  -   150°  E. 


The  area  fronn  30 
"sea  area  east  of  the  Izu  Islands.  " 


o  o 

35     N. ,    140  - 


150       E.    will  be  described  under  the  designation 


There  are  sonne  fluctuations  in  the  currents  from  year  to  year  depending  on  the 
difference  in  the  strength  of  the  Kuroshio,    but  the  greater  part  of  this  area  is  within  the  Kuroshio 
Countercurrent.     The  main  stream  of  the  Kuroshio  flows  along  the  northern  edge  of  the  area  in  a 
roughly  easterly  direction.     As  the  subtropical  convergence  runs  east  and  west  at  about  the  line 
of  30     N,    latitude  during  the  summer,   there  is  in  this  area  as  a  whole  a  clockwise  gyral  formed 
by  the  current  flowing  northward  from  the  Ogasawara  Islainds  region,    the  Kuroshio,    and  the 
Kuroshio  Countercurrent.     In  the  winter  the  subtropical  convergence  gradually  moves  southward 
and  around  February  and  March  it  is  in  the  vicinity  of  24     -  25     N.     Because  of  this  the  south- 
eastward- or  south-southeastward-flowing  Kuroshio  Countercurrent  becomes  more  prominent  in 
this  sea  area. 

Table  70  shows  oceanographic  conditions  in  this  sea  area  on  the  basis  of  data 
gathered  on  the  cross-sectional  observation  line  southeast  of  Cape  Nojima.     In  February  the 
heart  of  the  Kuroshio  is  about  50  to  80  nniles  off  the  coast  and  the  surface  water  temperature  is 
about  20     C.     Farther  off  shore  the  temperature  is  down  to  17.  3     C.    around  100  nniles  from  the 
coast,   while  in  the  vicinity  of  120  miles  off  shore  there  is  a  zone  of  fairly  warm  water  of   1 8     C. 
to  19     C.     Farther  off  shore  the  water  temperature  again  goes  down  to   1 7     C.  ,    continuing  at  this 
level  to  the  vicinity  of  260  miles  off  the  coast.     At  300  miles  off  shore  the  water  tennperature 
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rises  a  little  to  above   18     C.     Water  temperature  is  approximately  the  same  from  the  surface 
through  the   100-meter  level,    showing  that  mixing  is  being  carried  on  by  convection  currents. 

Table  70. --Oceanographic  conditions  southeast  of  Cape 
Nojima 


Month 

Depth 
(meters) 

50  mil 

es 

80  mi 

Les 

100  miles 

200  miles 

300  m 

Lies 

Temper- 

Salini- 

Temper- 

Salini- 

Temper- 

Salini- 

Temper- 

Salini- 

Temper- 

Salini- 

ature 

ty 

ature 

ty 

ature 

ty 

ature 

ty 

ature 

ty 

Feb. 

0 

19,4 

34.81 

20.0 

34,81 

17.3 

34.83 

17.4 

34.83 

18.  1 

34.81 

50 

19.4 

35.25 

19.7 

34.83 

17.3 

34.74 

17.4 

34.74 

17.7 

34.79 

100 

19.0 

34.97 

19.7 

34.87 

17,3 

34.  79 

11,4 

34.76 

17.7 

34.87 

200 

18.2 

34.88 

18,  3 

34.85 

17.  3 

34.76 

17,4 

34,85 

17.6 

34.83 

May 

0 

20.7 

33.35 

20,  1 

34.  13 

18.7 

34.23 

18,4 

33.89 

19,7 

34.76 

50 

20.3 

34.  31 

20.  1 

33.64 

18.7 

33.87 

17,8 

34.27 

17.8 

34.52 

100 

19.7 

33.96 

18.  3 

34,02 

17.8 

32,38 

17,0 

34.23 

17.  1 

33.79 

200 

18,  3 

34.29 

17.8 

34.  14 

17.3 

32.94 

16.8 

34.31 

16.8 

33.66 

Aug. 

0 

28.5 

34.54 

27.8 

34.38 

28.0 

34.33 

27,6 

34.43 

27.4 

34.42 

50 

25.2 

34.81 

24.4 

34.45 

22.4 

34.  54 

22,6 

34.42 

22.4 

34.45 

100 

22.2 

34.88 

20.8 

34.06 

21.8 

34.78 

20.8 

34.38 

20.7 

34.33 

200 

21.  1 

34.87 

19.6 

34.63 

21.4 

34.81 

18.6 

34.52 

20.7 

34.49 

Nov. 

0 

24.2 

34.  58 

22.6 

34.  52 

22,7 

34.47 

23.7 

34.69 

23.8 

34.49 

50 

23.8 

34.56 

22.0 

34.74 

22.4 

34.49 

22.5 

34.69 

22.5 

34.34 

100 

22.7 

34.60 

20.8 

34.87 

20.4 

34.85 

21.5 

34.72 

21,5 

34.65 

200 

20.6 

34.85 

19,6 

34.79 

19.2 

34.87 

18.8 

34.  76 

18.8 

34.87 

Note:     (1)     The  distances  are  shown  from  Cape  Nojima  as  a  starting  point. 

(2)     This  table  is  drawn  from  the  Records  of  Oceanographic  Investigations  for   1937. 

o 

In  May  the  zone  with  the  highest  water  temperature  is   50  miles  off  shore,    where  20,  7 

C.   is  shown.     From  here  on  out  to  the  200-mile  line  temperatures  gradually  fall  to  between  18 

o  o 

and  19     C.     In  the  vicinity  of  the  300-mile  station  they  rise  somewhat  to   19.  7     C.     If  one  looks 

at  the  vertical  distribution  of  the  water  temperatures,    the  tendency  toward  stratification  is  clear. 

In  August  the  coastal  waters  are  up  to  23     to  24     C.  ,    and  the  area  of  highest  water 
temperatures  is  about  40  miles  off  shore,   where  the  surface  water  temperature  is  28.  6     C.     From 
70  miles  off  shore  on  out  the  water  temperatures  are  from  27     to  28     C.  ,    and  the  temperatures 
are  at  their  lowest  in  the  vicinity  of  250  to  300  miles  off  shore. 

In  November  the  zone  of  highest  water  temperatures  appears  between  20  and  40  miles 
off  shore  with  surface  water  temperatures  of  24.  6     C.     From  80  to  180  miles  off  the  coa^t  the 
water  temperatures  are  between  22     and  23     C,    and  from  200  miles  off  the  coast  on  out  the  tem- 
peratures are  from  23     to  24     C. 

In  the  off-shore  water  the  transparencies  are  highest  in  the  summer,    when  the 
waters  are  stratified,    with  values  of  25  to  28  meters.     In  winter,    which  is  the  season  of  convec- 
tion,  values  are  low,   being  about  17  to  20  meters.     As  for  water  color,   II  on  Forel's  scales 
generally  most  frequent,    with  III  observed  quite  often. 
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This  sea  area  Is  a  part  of  the  so-called  winter  albacore  grounds,    which  extend  on  to 
the  eastward.     The  fishing  season  is,    of  course,    during  the  winter.     At  Sonne  seasons  considera- 
ble numbers  of  bigeye  tuna  are  taken.     In  the  sumnner  spearfishes,    principally  the  striped 
marlin,    are  taken,    and  from  late  autumn  to  early  winter  considerable  numbers  of  broadbill 
swordfish  are  caught. 

Table  71  summarizes  the  data  from  surveys  which  have  been  made  in  this  sea  area. 

Table  71.  --Fishing  conditions  in  the  sea  area  east  of  the 
Izu  Islands  (30°  to  35°  N.  ,    140°  to  150°  E.) 


Number 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes       | 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

485 

328,452 

48 

0.01 

39 

0.01 

824 

0.25 

13,649 

4.  13 

2,  187 

0.67 

The   overall  average  catch  rate  is  slightly  more  than  5.0.     The  biggest  catch  is  the 
albacore,    making  up  more  than  80  percent  of  the  whole.     Next  to  the  albacore  most  important  are 
the  spearfishes,    with  the  black  tuna  and  yellowfin  of  little  significamce.     Bigeye     tuna  have  a 
catch  rate  little  different  from  that  of  the  Nankai  sea  area  adjacent  on  the  west. 

In  table  72  this  area  is  divided  into  five  equal  parts  of  2     of  longitude  each,    and  the 
fishing  situation  for  each  of  these  sections  is  shown  separately. 

Table  72.  --Fishing  conditions  by  longitude  (sea  area  east 
of  the  Izu  Islands) 


Section 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigey 

e 

Albacore 

Spear  f 

ishes 

Mumber 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

140°- 

142°E. 
142°- 

234 

141, 155 

7 

0.01 

11 

0.01 

378 

0.27 

2,  971 

2.10 

1,414 

1.00 

144°E. 

85 

68,999 

7 

0.01 

12 

0.02 

159 

0.23 

3,476 

5.04 

300 

0.43 

144°. 

146°E. 
146°- 

61 

50, 224 

1 

0.00 

5 

0.01 

85 

0.  17 

2,630 

5.25 

182 

0.  36 

148°E. 
148°- 

47 

38,  298 

10 

0.03 

7 

0.02 

102 

0.27 

2,274 

5.94 

134 

0,35 

150°E. 

58 

39, 866 

23 

0.06 

4 

0,01 

150 

0.37 

2.298 

5.86 

155 

0.39 

Looking  at  this  sea  area  as  a  whole,    with  no  consideration  given  to  seasonal  changes 
in  fishing  conditions,   there  is  a  tendency  for  black  tuna  to  be  more  abundant  farther  off  the  coast. 
Yellowfin  are  vestigial,   but  they  are  taken    quite  uniformly,    while  bigeye  tuna  appear  to  show  a 
tendency  to  be  sonnewhat  less  numerous  in  the  central  part  and  more  abundant  at  the  eastern  and 
western  extremities,    however,    this  tendency  is  not  very  conspicuous.     Albacore  are  remarkably 
scarce  in  the  most  westerly  part  and  tend  to  increase  in  nun-ibers  to  the  eastward,     Spearfishes 
are  abundant  in  the  coastal  waters  of  the  Izu  Islands  and  scarcer  off  shore  and  they  are  taken 
rather  uniformly  in  the  off-shore  waters,    with  no  great  local  variations  in  the  catch. 
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Ignoring  local  variations  in  the  fishing  conditions,   table  73  shows  the  fishing  conditions 
by  months  for  the  whole  sea  area.     There  are  very  few  data  for  the  summer,    so  seasonal 
changes  in  fishing  conditions  are  not  clear,   but  within  the  scope  of  the  table  the  fluctuations  are 
approximately    as  follows.     Catches  of  black  tuna  are  recorded  only  for  the  months  of  January, 
February,    and  April.     A  few  yellowfin  are  taken  in  each  month  throughout  the  year,    and  they 
appear  to  become  somewhat  more  abundsmt  around  July  and  August.     Highest  catch  rates  for 
bigeye  tuna  appear  in  April,    and  they  are  generally  abundant  in  December  and  January,     Hardly 
any  albacore  cire  taJten  in  the  summer,   the  first  catches  being  made  in  November  with  a  rapid 
increase  to  January,   which  has  the  highest  catch  rate  of  5.9.     In  February  the  catch  rate  drops 
sonnewhat  fronn   January,     but  it  is  still  slightly  over  5.  0.     From  March  on  the  catch  rate  falls  off 
steeply.     The  spearfishes  show  a  peak  in  their  catch  rate  from  June  through  July.     In  the  winter 
catch  the  broadbill  is  most  important;  striped  marlin  and  black  marlin  aire  most  numerous  in  the 
summer. 

Table  73. --Monthly  fishing  conditions  (sea  area  east  of 
the  Izu  Islands) 


Month 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfi 

shes 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

151 

100, 163 

33 

0.03 

8 

0.08 

327 

0.33 

5,973 

5.90 

610 

0.61 

Feb. 

177 

125,087 

10 

0.01 

15 

0.01 

320 

0.26 

6,  586 

5.26 

868 

0.70 

Mar. 

84 

49, 172 

1 

0.00 

4 

0.01 

120 

0.24 

843 

1.71 

496 

1.01 

Apr. 

19 

9,326 

3 

0.03 

3 

0.03 

60 

0.64 

85 

0.91 

35 

0.38 

May 

1 

480 

0 

0.00 

0 

0.00 

1 

0.20 

5 

1.04 

0 

0.00 

June 

1 

184 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

10 

5.43 

July 

9 

1,790 

0 

0.00 

3 

0.  17 

3 

0.  17 

0 

0.00 

50 

2.80 

Aug. 

6 

1.  142 

0 

0.00 

4 

0.35 

0 

0.00 

0 

0.00 

8 

0.70 

Sept. 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Oct. 

1 

420 

0 

0 

0 

0 

0 

0 

0 

0 

5 

1.  19 

Nov. 

7 

6,  510 

0 

0 

1 

0.02 

11 

0.  19 

51 

0,78 

33 

0.51 

Dec. 

34 

15,840 

0 

0 

1 

0.01 

47 

0.30 

577 

3.  71 

87 

0.55 

Table  74  shows  the  seasonal  and  local  distribution  of  the  data. 

As  is  shown  in  table  73,   the  greater  part  of  the  catch  in  the  summer  is  spearfishes. 
It  is  clear  from  table  74  that  the  area  from  which  the  spearfishes  are  tjiken  during  the  summer  is 
restricted  to  the  western  part  of  the  sea  area,   that  is  the  vicinity  of  the  Izu  Isljinds,   the  situation 
in  the  off-shore  waters  being  unclear  because  of  the  complete  lack  of  data. 

As  for  the  winter  season,  when  albacore  are  the  main  element  in  the  catch,  there  are 
approximately  unifornn  catch  rates  throughout  the  whole  sea  area  in  February,  somewhat  higher 
values  being  shown  only  for  the  section  from  146  to  148  E.  In  December  cind  January  there  are 
large  local  variations  in  the  catch  rates,  and  these  variations  show  no  definite  trend.  In  March 
the  catch  rate  is  slightly  over  4,0  in  the  extreme  western  section,  but  elsewhere  in  the  more  off- 
shore waters  the  catch  rates  genercilly  go  down  steeply  and  the  significance  of  the  area  as  a  fish- 
ing ground  is  diminished. 

If  fishing  conditions  in  this  area  are  compared  with  those  in  the  Nankai  sea  area 
adjacent  on  the  west: 

1,  The  catch  of  black  tuna  is  nnuch   less    in  this  sea  area, 

2.  The  catch  of  albacore  is  much  greater  in  this  area. 
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3.  Speaurfishes  are  somewhat  more  abundant  in  this  ajea,    yellowfin  are  nnore 
abundant  in  the  Nankai  sea  area,    and  there  is  almost  no  perceptible  difference 
in  bigeye     tuna. 

4.  As  for  changes  in  fishing  conditions  from  month  to  month,    in  the  case  of  the 
most  important  species,   the  spearfishes  and  albacore,    it  appears  that  the 
fluctuations  in  fishing  conditions  show  almost  identical  trends  in  the  two  sea 
areas.     However,    it  appears  that  the  peak  of  the  albacore  season  is  somewhat 
later  in  the  Nankai  sea  area  than  in  this  area. 

5.  The  highest  catch  rate  for  bigeye  tuna  in  the  Nankai  sea  area  occurs  in  October, 
auid  it  is  difficult  to   make  a  comparison  with  this  sea  area  because  of  the  paucity 
of  data. 

6.  The  east  and  west  sides  of  the  Izu  Islands  show  almost  the  same  catch  rates  for 
spearfishes,  but  the  species  are  not  necessarily  the  same,  as  will  be  explained 
later. 

It  is  observed  that  the  fishing  grounds  to  the  east  and  west  of  the  Izu  Islands  are  not 
quite  the  same  in  character  but  have  sonnewhat  different  characteristics. 

Table  74.  --Distribution  of  the  data  by  months  and  areas 
(sea  area  east  of  Izu  Islands) 
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Oct. 

Nov. 

Dec. 

38 

103 

47 

11 

1 
3 
3 

1 

18 

18,988 

53,799 

25, 626 

5,960 

184 
600 
542 

420 

6,780 

3.27 
5.30 
4.  12 
2.70 

5.43 
2.00 
0.92 

1.  19 

1.00 

15 
34 
21 

1 

6 
3 

1 
5 

12, 165 
37,436 
14,480 

480 

1.  198 
600 

402 

2,  640 

10.88 
5.21 
1.85 

1,25 

2.65 
1.  17 

0 
13.41 

31 

14 

12 

4 

5 
2 

27,648 

12,964 

6,966 

6,966 

2,597 
1,  160 

7.24 
5.74 
1.75 
1.75 

1.  12 
2.70 

19 

19 

3 

3 

4 
5 

14,426 

18,072 

1,800 

1,080 

2,910 
2,920 

5.43 
8.39 
0.89 
0.92 

1.  17 
6.88 

38 
5 

1 
1 

25 
4 

26,886 

2,  390 

300 

360 

16,600 
2,  340 

8.07 
3.56 
1.00 
0.56 

1.84 
2.52 

Nate:    The  catch  rate  is  combined  for  tunas  and  spearfishes. 

If  this  sea  area  is  further  compared  with  the  northern  part  of  the  waters  adjacent  to 
the  Ogasawara  archipelago  on  the  south, 

1.  There  is  no  great  difference  in  the  black  tuna  catch  rates. 

2.  Yellowfin  are  somewhat  less  numerous  in  this  sea  area. 

3.  Bigeye  tuna  are  somewhat  more  abundant  in  this  sea  area. 

4.  Albacore  catch  rates   show  values  of  about   1.0  per  hundred  higher  in  this  sea  area. 

5.  Spearfishes  are  somewhat  less  abundant  in  this  sea  area. 
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6.  Variations  in  fishing  conditions  with  longitude  coincide  completely  in  their 
trends,    although  there  are  Sonne  differences  in  the  actual  catch  rate  values. 

7.  The  changes  from  month  to  month  in  fishing  conditions  for  each  species  are 
also  sinnilar,    but  it  looks   as  if  the  peak  season  for  spearfishes  is  about   1  month 
later  in  this   sea  area. 

The  facts  listed  above  show  that  this  sea  area  is  more  closely  related  to  the  area 
adjacent  to  the  south  than  to  that  on  the  west.     In  addition  to  the  tunas  and  spearfishes  there  is  a 
considerable  catch  of  sharks,    and  therefore  it  can  probably  be  said  that,    aside  from   the  slack 
seasons  of  spring  and  autumn,    this  sea  area  affords  rather  good  fishing  grounds  for  small  and 
medium  boats.     In  the  summer,   besides  the  longline  fishery,    a  harpoon  fishery  for  spearfishes 
and  pole-and-line  fishing  for  small  tuna  and  albacore  are  carried  on.     The  weather,    as  is  gener- 
ally known,    is  extremely  calm  in  the  summer  except  when  typhoons  are    originating.      During  the 
winter  strong  westerly  winds  blow  continuously  and  the  sea  becomes  quite  rough  with  consequent 
difficulty  in  operating. 

13.     Northeastern  sea  area  (35°  N.  ,    140°  to  1  50°  E.  ) 

The  area  north  of  35     N.    latitude  and  between  140     and   150     E.   longitude  will  be 
described  as  the  northeastern  sea  area.     Its  northern  boundary  is  in  the  vicinity  of  42     N. 

At  the  height  of  summer  a  part  of  the  Kuroshio  flows  northward  or  north-northeast- 
ward from  the  vicinity  of  Inubo  MisaJci  and  passes  through  this  sea  area.     The  Oyashio  flows 
southwestward  from  the  Kurile  Islands  area  in  a  direction  roughly  opposite  to  that  of  the 
Kuroshio.     This  current  generally  becomes  submerged,   but  here  and  there  it  flows  in  wedge- 
shaped  tongues    into  the  Kuroshio.     Also  at  times  parts  of  the  warm  or  cold  currents  get  cut  off 
from  the  currents  of  origin  and  beconne  isolated  water  nnasses  within  different  currents.     Very 
close  to  the  coast  in  the  Sanriku  area  of  northeastern  Japan  a  tail  end  of  the  Tsushima  Current, 
which  has  come  through  the  Tsugaru  Strait,   flows  southward.     In  the  winter  the  strength  of  the 
Oyashio  increases  and  it  forces  the  Kuroshio  southward  so  that  the  influence  of  the  Kuroshio  does 
not  extend  to  the  northward,    but  is  deflected  eastward  into  the  central  Pacific.     The  tail  end  of 
the  Tsushima  Current  which  has  come  .through  the  Tsugaru  Strait  flows  weakly  south  along  the 
coast. 

The  foregoing  is  an  outline  of  the  distribution  of  ocean  currents  in  this  sea  area,    but 
because  of  this  clash  of  sea  currents  of  completely  different  character  and  because  of  the  annual 
or  seasonal  differences  in  their  strength,    there  aire  rather  conspicuous  fluctuations  in  oceano- 
graphic  conditions  fronn  year  to  year,    and  in  many  cases  there  are  violent  short-ternn  fluctua- 
tions so  that  the  situation  is  a  great  deal  more  complicated  than  in  the  tropical  and  subtropical 
regions. 

The  following  tables  present  oceanographic  data  for  this  sea  area  abstracted  from  the 
Report  of  Oceainographic  Works  for   1937. 

As  the  table  shows,   the  distribution  of  water  temperatures  in  Jzmuary  is 
approximately  uniform  up  to  about  100  miles  off  the  coast  with  temperatures  of  about  10.  5     C, 
and  with  almost  no  change  from  the  surface  to  the   100-meter  levels     In  the  vicinity  of  150  miles 
off  shore  the  water  temperatures  fall  rather  conspicuously  to  8.  6     C.    at  the  surface  and  8.  1      C. 
^t  the   100-meter  level. 

o 

In  February  the  water  temperatures  are  everywhere  conspicuously  lower,    falling  2 

to  4     C.     At  a  point  50  miles  off  the  coast  the  water  temperatures  at  all  levels  from  10  meters 
on  down  are  conspicuously  lower  than  those  at  other  points.     At  the  station  150  miles  off  the 
coast  just  as  in  January  the  vjilues  are  low  at  cill  levels. 
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Table  75.  --Transverse  sectional  observations  directly 
east  of  Same 
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32.94 

10 
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25 
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10.5 
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50 
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33.  19 

8.5 

33.02 
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-- 

-- 
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33.58 

7.9 
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32.39 

7.7 

33.53 

6.6 

33.57 
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1.5.8 

34.  15 

16.0 

34,  15 

11,5 

33.75 

13.0 

33.22 

10 

16,8 

34.02 

16.7 

34.  11 

15.5 

34.  16 

16.0 

34.20 

11.5 

33.55 

12.  5 

33.26 

25 

16,8 

34.  13 

16,5 

34.09 

15.0 

34.  11 

15.0 

34.24 

12.0 

33.42 

12.5 

33.21 

50 

16,8 

34.0') 

16.5 

34.  15 

14.7 

34.09 

15.0 

34.24 

10.  5 

33,73 

9.5 

34.07 

100 

-- 

-- 

16.0 

34.  16 

13,7 

34.  16 

11.0 

34.09 

6.0 

33,64 

3.7 

33.39 

Dec. 

0 

12,7 

33.  15 

12.5 

33.78 

10,7 

33.78 

6.4 

33.40 

8.2 

33.53 

__ 

-- 

10 

12,4 

33.64 

12.0 

33.75 

10.3 

33.74 

6.2 

33.39 

7.7 

33.51 

-- 

-- 

25 

12,0 

33.78 

11.8 

33.77 

10.6 

33.77 

6.0 

33.38 

7.5 

33.64 

-- 

-- 

50 

12,0 

33.78 

11.6 

33.77 

9.6 

33.50 

5.3 

33.39 

7.5 

33.52 

-- 

-- 

100 

-- 

-- 

11.5 

33.66 

8,4 

33.58 

4.3 

33.41 

7.4 

33.80 

•" 

~  ~ 

Note:    The  numbers  of  miles  show  the  distance  east  of  the  base  point  at  Same. 

In  March  the  water  temperatures  are  generally  lower  than  in  February.     A  rather 
conspicuous  low-temperature  water  zone  appears  about  50  miles  off  the  coast,    while  a  zone  of 
somewhat  warmer  water  appears  in  the  vicinity  of  100  miles  off  the  coast,    with  low  temperatures 
again  at  150  miles  off  shore. 

In  April  the  water  temperatures  are  generally  somewhat  higher  than  those  of  March. 
However,   there  is  an  extremely  pronounced  zone  of  cold  water  at  the  80-mile  station,    and  the 
vertical  distribution  of  water  temperatures  at  this  station  shows  an  inverted  pattern. 

In  May  the  water  temperature  at  the  20-mile  station  is  slightly  over  9     C.  ,   the 

temperatures  at  the  50-nnile  and  100-mile  stations  are  somewhat  lower,    while  the  ris.e  in  temper- 

o  o 

ature  at  the   150-mile  station  is  rather  remarkable,    with  temperatures  of  9     to  9.4     C. 

In  June  the  tendency  toward  stratification  becomes  clear,  with  water  temperatures 
of  12°  to  13.5°  C.  at  the  surface,  11°  to  13°  C.  at  10  meters,  10.6°  to  12.5°  C.  at  25  meters, 
9.5  to  10.8  C.  at  50  meters,  amd  8.4  to  10  C.  at  100  meters.  The  water  temperatures  at 
the  50-mile  station  are  generally  lower  thaji  those  of  the  other  stations. 

In  July  the  rise  in  temperatures  in  the  upper  levels  is  rennarkable,   the  temperatures 
being  about  4     C.    higher  tham  those  for  June.     The  temperatures  from  the  50-meter  level  on  down 
are  somewhat  lower  at  stations  east  of  50  miles  off  the  coast  than  at  the  stations  nearer  to  the 
coast. 
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In  August  the  surface  water  temperature  continues  rising  and  reaches  the  maximum 

for  the  year  at  23.2     to  25.7     C.      The  zone  with  the  highest  water  tennperatures   appears   50 

miles  off  the  coast.     Within  about   100  miles  of  the  coast  there  is   a  marked  thermocline  between 

o        ^        o 
the  25-meter  level  and  the  50-meter  level,    with  temperatures  at  the  former  of  19.7     to  21.5     C. 

compared  with  7     to  9     C.   at  the  latter.     At  the  150-mile  station  the  thermocline  is  deeper,    ap- 
pearing between  the  50- meter  and  the   100-meter  levels. 

o 

In  September  the  surface  water  temperatures  have  already  begun  to  go  down  with   19 

to  22.3     C.   indicated  at  the  surface.     There  are  some  differences  between  areas,   but  in  general 
beyond  50  miles  from  the  coast,   the  thermocline  is  between  the  50-meter  and  100-meter  level. 

In  October  the  stirring  of  the  sea  water  by  convection  is  clearly  apparent,    and  water 
temperatures   at  all  levels   above   100  nneters  show  sinnilar  values.      Water  temperatures   are 
highest  at  the  station  20  miles  off  the  coast,    and  the  temperatures  are  rather  conspicuously  lower 
east  of  the   100-mile  station. 

In  November  the  water  temperatures  go  down  even  more  with  16.8  C.  at  the  20-nnile 
station,  about  16  C.  between  50  and  80  miles  off  the  coast,  and  a  sharp  drop  farther  to  the  east- 
ward to  11.  5°  to  12°  C. 

In  December  water  masses  with  temperatures   above   10     C.    are  within  50  miles  of 

the  coast,    amd  within  this  area  water  temperatures  gradually  drop  outward  from  shore.     Water 

temperatures  at  the  station  80  miles  of  the  coast  are  much  lower,    6     to  7     C.  ,    auid  at  the  100- 

^  o 

mile  station  they  rise  somewhat  to  over  8     C. 

The  following  table  presents  some  abstracted  information  for  January  and  August 
from  transverse  sectional  observationa  somewhat  farther  south  off  Shioyasaki. 

If  this  is  compared  with  the  data  from  the  Same  section,   the  temperatures  in 
January  are  generally  higher  except  for  the  vicinity  of  50  miles  off  the  coast,    and  the  difference 
becomes  more  marked  the  farther  eastward  one  goes  until  in  the  vicinity  of  150  miles  off  the 
coast  the  temperature  is  up  to  19.5     C.     The  water  mass  centered  around  50  miles  off  the  coast 
is  colder  than  the  water  off  Same,    showing  that  the  main  current  of  the  Oyashio  is  located  in  this 
area. 

On  the  other  hand,    in  August  up  to  100  miles  from  shore  the  temperatures  are  lower 
than  off  Same,   and  east  of  100  miles  off  the  coast  there  is  a  zone  of  remarkably  high  tempera- 
tures.    Off  Same  there  was  a  conspicuous  thermocline  between  the  25-meter  and  50-meter  levels, 
but  in  this  sea  area  there  is  no  particularly  outstanding  discontinuity  apparent  down  to  100  meters. 

Table  77  shows  temperature  and  salinity  data  for  January  and  August  based  on 
sectional  observations  due  east  of  Inubosaki  near  the  southern  extremity  of  this  sea  area. 

As  the  table  shows,   in  January  the  water  temperatures  gradually  rise  the  farther  one 
goes  off  shore,    with  the  maximum  water  temperatures  in  the  vicinity  of  the   50-mile    station. 
Farther  off  the  coast  from  this  station  the  temperatures  gradujilly  fall.     At  the   10-mile  station 
the  water  temperature  at  the  100-meter  level  falls  rather  steeply,    but  no  direct  effect  of  the 
Oyashio  can  be  seen  at  the  other  stations  down  to  100  naeters. 

In  August  the  highest  temperature  zone  is  about  50  miles  from  the  coast,    showing  that 
this  vicinity  is  about  the  center  of  the  Kuroshio.     From  10  to  20  miles  offshore  the  water  temper- 
atures axe  conspicuously  lower  than  elsewhere,    and  salinity  values  are  also  low  in  the  coastal 
water  zone. 
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Table  76.  --Transverse  section  line  east  of  Shioyasaki 


c 

0 

2 

"1 

10  miles 

20  miles 

50  miles 

80  miles 

100 

miles 

150  miles 

1 

D.    „ 

>- 

c 

10 

1 
<u 

■4-* 
-t-l 

c 

1 
u 

V 

a  „ 

>- 

CO 

1 

■*-» 
c 

1 

>- 
C 

1 

V 

u  2 

>- 

Jan. 

0 

15.2 

34.67 

11.4 

34,09 

9.0 

33.62 

16.9 

34.78 

19.0 

34.87 

19.5 

35.01 

10 

15.2 

34.63 

11.2 

33.86 

8.8 

33.  68 

16.4 

34.78 

19.0 

34.92 

19.4 

35.07 

25 

14.9 

34.45 

11.2 

33.78 

9.0 

33.  68 

16.2 

37.78 

18,6 

34.88 

19.5 

34.90 

50 

11.8 

33.89 

11.2 

33.86 

8.8 

33.69 

16.0 

34.72 

18.5 

34.79 

19.5 

34,90 

100 

11.0 

33.77 

11.2 

33.77 

8.  2 

33.84 

15.2 

34.76 

15.0 

34.29 

19.2 

34,90 

Aug. 

0 

19.7 

_  _ 

20.5 

33.42 

20.2 

33,42 

23.0 

__ 

24.2 

33.48 

27.0^ 

34,54 

10 

17.0 

__ 

18.2 

33.62 

19.3 

33.60 

51.5 

-- 

22.2 

33.62 

27.0 

34.52 

25 

16.6 

_. 

14.0 

33.96 

15.7 

33.93 

15.6 

-- 

19,5 

33.62 

25.5 

34.67 

50 

13.0 

_- 

12.5 

33.42 

15.2 

33.73 

15.0 

-- 

18.5 

33,57 

21.5 

34.60 

100 

11.5 

-- 

10.8 

33.98 

9.9 

33.95 

12.7 

— 

13.8 

33,95 

20.5 

34.85 

Note:     (1)    From  Record  of  Oceanographic  Works  for    1937. 

(2)     The  numbers  of  miles  show  the  distance  off  the  coast. 

Table  77.  --Sectional  observations  east  of  Inubosaki 


X 

■M 

c 

0 

2 

5'= 

°1 

10  miles 

20  miles 

50  miles 

80  miles 

100 

miles 

150 

miles 

1 

1 

V  2 

>• 
c 

u 

(LI 

>- 

•i-i 
c 

u 

0)  2 

u 

v 

>• 

•H 

c 

1 

u 

C     U 

>• 

Jan. 

0 

16.7 

34.31 

17.2 

34.04 

19.2 

34,58 

19,0 

34.04 

18.0 

34.40 

18.0 

34.76 

10 

16.7 

34.31 

17,2 

34.  56 

20.0 

34.52 

19,6 

34.49 

18.8 

34.31 

18.2 

34.85 

25 

16.7 

34.31 

17.2 

34.  36 

20.0 

34.51 

19,6 

34.27 

18,8 

34.04 

18.2 

34.85 

50 

16.5 

34.49 

17,2 

34.36 

20.0 

34.25 

19.6 

34.31 

18,8 

34.31 

18.2 

34,58 

100 

14.6 

33.95 

16.8 

34.34 

19,6 

34.31 

19.6 

34.49 

18,7 

34.09 

18.2 

34,85 

Aug. 

0 

19,8 

33.28 

21.0 

34.45 

28.3 

34.31 

27.4 

34.51 

27,8 

34.42 

27.2 

34.65 

10 

17,8 

33. .68 

20.6 

34.47 

28.  1 

34.33 

27.4 

34,56 

27,8 

34.47 

27.2 

34.65 

25 

14.7 

33.80 

20.3 

34.40 

27.0 

34.45 

26.0 

34.63 

27.0 

34.51 

27.0 

34.67 

50 

14.0 

33.80 

18,8 

34,51 

25,2 

34.45 

24.7 

34.67 

25.  1 

34.58 

24.0 

34.67 

100 

13.8 

33.82 

17,2 

33.95 

24,0 

34,65 

19.9 

34.76 

21.0 

34.70 

23.5 

34,69 

Note:  (1)    From  Record  of  Oceanographic  Works  for   1937. 

(2)     The  numbers  of  miles  show  the  distance  offshore. 

The  northern  part  of  this  sea  area  is  at  the  northern  limit  of  the  distribution  of  tunas 
and  spearfiBhes.     Considering  the  different  parts  of  the  area,   black  tuna  are  comparatively 
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abundant  in  the  coastal  water  region,    with  their  fishing  grounds   stretching  to  the  southern  Kurile 
Islands.     Off  Kinkazan,    spearfishes,    principally  the  striped  marlin,    are  taken,    many  broadbill 
are  caught  everywhere  beyond  200  miles  from  the  coast,    and  at  times  there  are  great  runs  of 
albacore.     The  bigeye  tuna  generally  appear  to  show  a  trend  to  greater    abundance  the  farther  one 
gets  off  shore,   but  neither  they  nor  the  yellowfin  have  any  very  important  significance.     To  the 
northward  of  the  broadbill  grounds  there  are  shark  fishing  grounds,    principjllly  for  Isurus  nasus, 
and  considerable  amounts  of  these  fish  are  taken. 

Considered  seasonally,   the  season  for  black  tuna  begins  in  early  summer  axid  the 
fishing  grounds  gradually  shift  from  the  south  of  the  sea  area  to  the  north,   with  catches  made 
until  late  autumn.     Striped  marlin  are  nnost  nunaerous  in  midsummer,   with  some  catches  until 
early  fall,    after  which  hcirdly  any  fish  are  taken.     Broadbill  fishing  is  active  from  early  autumn 
to  early  winter  with  the  fishing  grounds   gradually  extending  from  north  to  south.     About  the  time 
broadbill  fishing  comes  to  an  end,   that  is  around  December,    large  schools  of  albacore  occa- 
sionally appear.     The  shark  Isurus  nasua  is  most  abundant  in  April  ajid  September,    with  two  fish- 
ing seasons  during  the  yeeir. 

Of  the  species  mentioned  in  the  foregoing,   black  tuna  in  recent  years  have  hardly 
been  taken  at  all,   consequently  the  fishery  for  this  species    has  completely  died  out. 
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Figure   14.  --Annual  landings  of  black  tun^  at 
Kushiro 

If  this  graph  is  compared  with  a  similar  curve  for  Aburatsu  (see  figure   11),   there  is 
agreement  in  the  peaks  which  appeared  in  1931,   but  the  fluctuations  in  the  catch  thereafter  are 
very  different.     At  Aburatsu  the  catch  from  1933  to  1939  did  not  vary  greatly,    and  the  fishing 
situation  was  shown  to  be  compauratively  stable.     However,    at  Kushiro  after  the  peak  in  1931  the 
catch  fell  off  steeply  with  no  recoveries.     A  conspicuous  peak  in  the  catch  for   1940  was  shown  for 
Aburatsu,   but  no  tendency  toward  an  increase  appeared  at  Kushiro. 

A  certain  degree  of  agreement  can  be  detected  in  the  average  body  weight  curves  in 
that  a  trend  toward  increase  from  year  to  year  is  clearly  shown.  However,  the  average  weights 
at  Aburatsu  were  generally  about  80  pounds  greater  than  those  for  Kushiro. 

If  we  consider  the  relatedness  of  the  fishing  conditions  and  the  schools  of  fish  in  this 
sea  area  and  in  the  waters  around  Tanegashima,   there  appear  to  be  at  the  same  time  elements 
which  show  a  relationship  between  the  two  arecis  and  elements  which  deny  this  relationship.     Con- 
sequently,   with  only  the  data  recorded  above,    it  is  difficult  to  either  deny  or  affirm  the  related- 
ness of  these  two  sea  areas. 
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As  was  stated  earlier,    at  about  the  same  time  as  the  fishing  season  around 
Tanegashima  there  are  catches  of  black  tuna  all  over  the  area  around  30     N.   latitude.     However, 
one  can  detect  a  difference  in  that  the  catches  around  Tanegashima  are  highly  concentrated, 
whereas  those  nnade  in  other  sea  areas  are  extremely  scattered.     Fairly  considerable  catches 
are  £l1so  made  from  April  to  June  between  Luzon  on  the  south  and  the  Izu  Islands,   principally 
within  the  Kuroshio. 

In  view  of  the  oceanographic  character  of  this  sea  airea,   it  appears  possible  that  most 
of  the  fish  from  the  various  areas  mentioned  above  may  concentrate  here.     Furthermore,   because 
of  the  conspicuous  variations  in  oceanographic  conditions  from  year  to  year,   a  high  degree  of 
variability  in  fishing  conditions  must  also  be  taken  into  account.     In  other  words,   compared  to 
the  schools  which  congregate  around  Tjinegashima,   the  fish  which  gather  in  this  sea  area  are  of 
many  different  migratory  systems  cind  age  groups  and  the  conditions  change  fronn  year  to  year. 
The  obvious  difference  between  the  average  body  weight  at  Aburatsu  and  at  Kushiro,    it  is 
thought,    can  be  explained  from  this  point  of  view,    but  we  do  not  yet  have  the  data  to  prove  it. 
In  any  case,   it  is  a  fact  that  black  tuna  in  Japanese  waters  showed  a  peak  in  the  catch  curve  for 
their  representative  fishing  grounds  in  both  the  south  and  north  in  1931  and  thereafter,    with 
some  difference  in  the  length  of  the  period,   they  gradually  declined.     The  phenomenon  of  a  mark- 
ed increase  in  the  body  weight  of  the  fish  accompanying  this  gradual  decline  in  fishing  was   com- 
nnon  to  both  grounds. 

There  appear  to  be  vajious  theories  with  regard  to  the  poor  fishing  for  black  tuna  in 
Japanese  waters,   but  the  writer  thinks  that  it  is  probably  a  natural  cyclical  fluctuation  due  to 
cyclical  changes  in  oceanographic  conditions.     It  is  expected,    therefore,    that  there  will  be  a 
natural  recovery,   but  it  is  believed  that  the  sort  of  phenomena  described  above  will  have  an 
important  significance  in  establishing  policies  for  this  fishery  in  the  future. 

Table  78  shows  fishing  conditions  in  this  sea  area  based  on  data  from  experimental 
fishing.     More  data  should  have  been  included,    as  it  is  thought  that  quite  a  large  part  of  the 
existing  data  were  missed  because  of  difficulty  in  obtaining  them. 

The  overall  catch  rate  is  slightly  less  than  3.2.     First  place  in  the  catch  is  occupied 
by  eilbacore,   which  make  up  about    70  percent  of  the  total.     Next  in  importance  are  the  spear- 
fishes,   followed  by  black  tuna  and  bigeye,    with  yellowfin  appearing  only  vestigially. 

Table  78, --Fishing  conditions  in  the  northeastern 
sea  area 


Number 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes         | 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

305 

126,841 

187 

0.15 

6 

0.01 

122 

0.10 

2,820 

2.22 

865 

0.68 

Table  79  provides  a  comparison  of  fishing  conditions  north  and  south  of  the  line  of  40 


N.   latitude. 
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Table  79. --Fishing  condition«  on  either  side  of  40     N. 
(northeastern  sea  area) 


Area 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes    | 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

35°- 

40°  N. 

183 

91,225 

66 

0.07 

6 

0.01 

121 

0.13 

2,817 

3.09 

737 

0.81 

north  of 

40°  N. 

122 

35,616 

121 

0.34 

0 

0,00 

1 

0.00 

3 

0.01 

128 

0.36 

As  the  foregoing  table  shows,   fishing  is  very  different  north  and  south  of  40     N.     The 
southern  part  has  a  markedly  lower  value  for  the  black  tuna  catch  rate  than  the  northern  section, 
but  notably  higher  catch  rates  for  all  the  other    species.      Besides  the  tunas  cind  speajrfishes, 
there  was  a  catch  of  182  sharks  in  the  north  and  1,  705  sharks  in  the  south.     Consequently,   the 
shark  catch  rate  was  0.  51  in  the  northern  section  and  1.  87  in  the  south. 


In  the  following  table  this  sea  area  has  been  split  up  into  five  sections  of  2 
longitude  and  the  fishing  conditions  for  each  have  been  shown  separately. 


of 


Table  80.  --Fishing  conditions  by  sections  (northeastern 
sea  area,    35     to  40     N. ) 


Section 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Speajrfiahes  | 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

Number 

Catcl 

stations 

of  hooka 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

140°- 

142°E. 
142°. 

11 

3,052 

6 

0.20 

0 

0.02 

0 

0.00 

0 

0.00 

9 

0,29 

144°E. 

21 

8,  199 

0 

0.02 

2 

0.00 

33 

0.40 

126 

1.54 

38 

0.46 

144°- 

146°E. 

19 

8,244 

15 

0,  18 

0 

0.00 

7 

0.09 

244 

2.96 

27 

0.33 

146°- 

148°E. 

30 

17,084 

35 

0.21 

0 

0.00 

2 

0,01 

673 

3.94 

106 

0,62 

148°- 

150°E. 

102 

54, 646 

10 

0.02 

4 

0,01 

79 

0.  14 

1,  774 

3.23 

557 

1,02 

Looking     at  local  changes  in  fishing  conditions  from   east  to  west  without  considering 
the  season,    one  cam  detect  a  trend  in  the  foregoing  table  for  the  catch  rates  of  both  albacore  and 
spearfishes  to  innprove  as  one  goes  eastward.       However,    in  the  case  of  the  other  species,    it  is 
difficult  to  see  any  trends  in  the  local  variations  in  fishing  conditions. 

Table  81  shows  the  fishing  conditions  by  sections  in  the  part  of  the  area  north  of  40 
N.     A  thorough  inquiry  is  not  possible  because  of  the  paucity  of  the  data,   but  it  can  be  seen  that 
black  tuna  axe  taken  only  west  of  144     E.     The  spearfishes  appear  to  show  a  tendency  to  increase 
to  the  ecLStward  just  as  they  did  south  of  40     N.      The  airea  where  the  greatest  numbers  of  black 
tuna  are  taken  is  approximately  off  Erimo  Misaki. 


by  monthi 


In  order  to  see  seasonal  changes  in  the  fishing  conditions,   the  data  have  been  shown 
in  table  82. 
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Table  81. --Fishing  conditions  by  sections   (northeastern 
sea  area  north  of  40     N.  ) 


Section 

Number 
of 

Number 

Black  tuna 

Bigeye 

Albacore 

Spejirfishes 

Total          1 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catcl 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

140°- 

142°E. 

22 

5,358 

9 

0.17 

0 

0.00 

0 

0.00 

17 

0.32 

26 

0.49 

142°. 

144°E. 
144°- 

146°E. 

90 
3 

24, 046 
554 

112 
0 

0.47 
0.00 

0 
0 

0.00 
0.00 

0 
0 

0.00 
0.00 

41 
8 

0.17 
1.44 

153 
8 

0.63 
1.44 

146°. 

148°E. 
148°. 

150°E. 

7 

5,658 

0 

0.00 

1 

0.02 

3 

0.05 

62 

I.  10 

66 

1.  17 

Table  82. --Fishing  conditions  by  months  (northeastern 
sea  cirea,    35     to  40     N. ) 


Month 

Number 
of 

Number 

Black  tuna 

Bigeye 

Albac 

ore 

Spearfishes 

Total               1 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jein. 

23 

11,  118 

20 

0.  18 

7 

0.06 

151 

1.35 

81 

0.73 

259 

2.24 

Feb. 

6 

2,010 

0 

0.00 

0 

0.00 

0 

0.00 

4 

0.20 

4 

0.20 

Mar. 

3 

1,520 

6 

0.39 

0 

0.00 

0 

0.00 

2 

0.  13 

8 

0.52 

A.pr. 

6 

1,318 

0 

0.00 

7 

0.53 

2 

0.  15 

3 

0.23 

12 

0.91 

July 

3 

1,044 

0 

0.00 

15 

1.44 

0 

0.00 

8 

0.70 

23 

2.20 

Sept. 

4 

1,206 

0 

0.00 

8 

0,66 

0 

0.00 

7 

0.58 

15 

1.24 

Oct. 

11 

4,  150 

0 

0.00 

0 

0.00 

0 

0.00 

63 

1.52 

63 

1.52 

Nov. 

35 

22,509 

4 

0.02 

19 

0.08 

203 

0.91 

146 

0.64 

372 

1.65 

Dec. 

95 

57,  116 

44 

0.08 

66 

0.11 

2,463 

4.31 

432 

0.76 

3,005 

5.26 

Although  they  were  omitted  from  the  table,    one  yellowfin  each  was  taken  in  July  and 
September  and  four  were  taken  in  December.     There  are  few  data  for  the  summer  season,   but 
as  isiX  as  the  table  shows  black  tuna  are  taken  only  in  the  winter.     Bigeye  tuna  are  most  abundant 
in  the  summer,   with  rather  high  catch  rates  appearing  around  July.     Albacore  show  their  highest 
catch  rate  of  4.  3  in  December,   the  main  fishing  season  being  from  November  to  January.     Spear- 
fishes are  scarce  from  Februaury  to  April,  but  considerable  numbers  are  taken  in  aull  other 
nnonths,  with  the  maximum  catch  rate  of  slightly  over   1.5  appearing  in  October. 


The  data  from  tables  80  and  82  are  combined  in  table  83. 


From  this  table  it  cam  be 
seen  that  the  center  of  the  albacore  grounds  In  December  is  at  146     to  148     E,  ,   and  that  it  shifts 
to  148°  to  150°  E.   in  January.     In  the  other  months  the  data  Are  so  poorly  distributed  that  a  com- 
parison is  completely  impossible. 


With  regard  to  the  spearfishes,   which  follow  the  albacore  in  importance  in  the  catch, 
the  following  table  shows  the  changes  in  their  fishing  by  species.     The  table  also  includes  sharks. 
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Table  83. --Fishing  conditions  by  months  and  by  sections 
(northeastern  sea  area,    35     to  40°  N.  ) 


c 

0 

2 

140°   -   142"  E. 

142"  -   144"  E. 

144"  -   146"  E. 

146".    148"  E. 

148".   150"  E. 

o 

<u    C 
XI     0 

o 

V 

i  ° 
is 

61 

o 

v    C 
X:    O 

2  S 

o 
u 

Xl     o 

5   o 
Z  x 

J3 

"  Si 

6z 

0 

h    n 

<u   c 

J3      O 

V4 

0 
u 

V 
J3      IS 

P    -^ 

X 

0 

u    m 

V     C 
X)     0 

2      B 

o 
u 

Xi      (D 

Z  x 

x; 

^2 

0 
h    m 

<U      C 

x>   o 

2    m 

0 
V 

i  ° 

X 

"•  Id 

Jan. 

Feb. 

Mar. 

Apr. 

July 

Sept. 

Oct. 

Nov. 

Dec. 

4 
2 

5 

1,  060. 
1,260' 

732 

0.  38 

0.56 

0.55 

1 
1 
1 
6 
3 

5 
1 
3 

275 

260 

260 

1,  318 

1,  044 

1,  300 

402 

3,  340 

1.82 
0.00 
0.  38 
0.91 
0.20 

1.08 
0.00 
4.25 

3 

1 

2 

1 
5 

5 

1,  307 
690 

486 

240 

2,597 

2,  774 

0.54 
0.00 

0.00 
0.00 
1.  12 
4.43 

9 

2 

3 

4 

16 

4,  630 

720 

1,  170 

2,  910 
8,374 

1.69 

2.22 

1.62 
1.  16 
9.16 

10 

2 
25 
66 

4,906 

1,440 
16,600 
41,896 

3.44 

2.08 
1.84 
4.70 

Table  84.  --Monthly  fishing  conditions  for  spearfishes 
and  sharks  (northeastern  sea  area,  35  to 
40°  N. ) 


Month 

Number 

Striped 

marlin 

Broadbill 

Shar 

ks 

Number 

Catch 

Number 

Catch 

Number 

Catch 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan, 

11. 118 

20 

0.  18 

61 

0.55 

125 

1.  12 

Feb. 

2.060 

0 

0.00 

4 

0.20 

33 

1.64 

Mar. 

1.520 

1 

0.01 

1 

0.01 

64 

4.21 

Apr. 

1,318 

2 

0.  15 

3 

0.23 

13 

0.99 

July 

1,044 

7 

0.67 

1 

0.  10 

3 

0.29 

Sept. 

1,206 

5 

0.40 

2 

0.  16 

68 

5.64 

Oct. 

4,  150 

2 

0.05 

55 

1.32 

101 

2.43 

Nov. 

22,509 

5 

0.02 

140 

0.62 

502 

2.23 

Dec. 

57, 116 

51 

0.09 

253 

0.46 

703 

1.23 

Considered  geographically,   the  data  show  a  tendency  for  striped  marlin  catch  rates 
to  be  high  In  the  south  and  low  in  the  north,   while  the  broadbill  tends  somewhat  to  be  more  abun- 
dant to  the  northward.     Considered  seasonally,    striped  marlin  are  most  abundant  in  the  summer 
while  the  broadbill  increase  from  about  October  to  early  winter.     No  very  marked  regional  dif- 
ferences in  the  shark  catch  can  be  detected,    and  seasonally  they  are  most  abundant  in  April  and 
September,   with  rather  high  catch  rates  shown  for  the  whole  winter  season. 

o 
Table  86  shows  fishing  conditions  by  months  in  the  part  of  the  area  north  of  40     N. 

Of  the  spearfishes  somewhat  more  than  73  percent  are  broadbill,  the  majority  of  the 
remainder  being  recorded  as  black  marlin.  The  striped  marlin  and  black  marlin  are  taken  only 
in  September  and  October,   at  which  season  they  make  up  slightly  less  than  40  percent  of  the 
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total  spearfish  catch.     However,    data  are  almost  entirely  concentrated  in  the  period  from 
September  to  November,    so  it  is  impossible  to  make  any  concrete  observations  on  fishing  con- 
ditions at  other  seasons. 

Table  85.  --Fishing  conditions  by  nnonths 


Month 

Number 
of 

Number 

Black  tuna 

Yello 

wfin 

Bigeye 

Albacore 

Spearfishes 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Feb. 

1 

216 

0 

0 

0 

0 

0 

0 

0 

0 

11 

5.  10 

July 

2 

720 

3 

0.41 

0 

0 

0 

0 

0 

0 

0 

0 

Aug. 

7 

2,220 

30 

1.35 

0 

0 

0 

0 

0 

0 

0 

0 

Sept. 

32 

8,532 

23 

0.27 

0 

0 

0 

0 

0 

0 

12 

0.  14 

Oct. 

61 

18,780 

69 

0.  37 

0 

0 

1 

0 

3 

0.01 

74 

0,39 

Nov. 

19 

5,  148 

1 

0.02 

0 

0 

0 

0 

0 

0 

32 

0.62 

If  we  compare  the  situation  north  and  south  of  the  line  of  40     N,  ,    it  appears  that  the 
fishing  season  in  the  northern  section  begins  and  ends  fronn  1  to  2  nnonths  ecirlier  than  in  the 
southern  section.     It  can  also  be  seen  that  the  number  of  species  taken  in  the  northern  section  is 
less  than  in  the  south. 

If  we  compare  fishing  conditions  in  general  in  the  northeastern  sea  area  with  those 
in  the  area  east  of  the  Izu  Islands   adjacent  on  the  south: 

1.  More  black  tuna  are  taken  in  the  northeastern  sea  area,   the  peeik  fishing  season 
for  this  species  is  earlier  the  farther  north  one  goes,    and  the  season  is  later  and  longer  to  the 
south. 

2.  Yellowfin  are  extremely  scarce  in  both  sea  areas,    but  they  clearly  tend  to 
decrease  as  one  goes  north. 

3.  Bigeye  tuna  are  taken  with  a  rather  even  geographical  distribution  in  the  winter 
season,   but  the^  are  generally   scarce  in  the  summer  and  decrease  as  one  goes  to  the  northward, 
hardly  any  being  taken  in  the  extreme  northern  part  of  the  area. 

4.  The  peak  fishing  season  for  albacore  is  cleajly  from  December  to  February,    and 
hardly  any  are  taken  at  other  seasons.     In  both  sea  areas  the  catch  increases  toward  the  center 
of  the  Pacific  Ocean. 

5.  The  total  catch  rate  for  all  species  of  spearfishes  does  not  differ  greatly  between 
the  two  areas.     In  general,    striped  mcirlin  and  black  marlin  are  most  abundant  in  the  summer 
season,    with  broadbill  increasing  in  nunnbers  from  October  on.     Striped  marlin  and  black  nnarlin 
show  a  tendency  to  increase  in  numbers  in  early  summer  in  the  southern  part  of  the  area,    with 

a  second  increase  in  the  catch  rates  from  late  autunnn  to  early  winter.     In  the  extreme  northern 
part  of  the  area  they  increase  in  numbers  from  late  summer   to  early  fall.     These  phenomena  are 
considered  to  show  a  north-south  migration  of  these  species. 


6.     Sharks  are  rather  abundant  in  both  areas, 
one  in  the  winter  and  one  in  the  late  summer. 


There  are  two  peak  fishing  seasons. 


Since  this  sea  area  is  at  the  northern  limits  of  the  tuna  and  spearfish  longlining 
grounds,   the  fishing  seasons  are  more  clearly  marked  than  in  warmer  seas,    and  there  are  cons- 
picuous   variations  in  oceanographic  conditions  from  year  to  year,    accompanied  by  marked 
fluctuations  in  fishing  conditions. 
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14.     Area  of  30°  to  35°  N. , 


150°  to  180°  E. 


This  sea  area  ia  for  the  moat  part  under  the  direct  influence  of  the  North  Pacific 
Current  (the  name  given  to  that  part  of  the  Kuroahio  which  leavea  Japaneae  watera  and  flowa 
eastward),   and  in  the  northern  part  of  the  area  the  currents  always  flow  to  the  eastward.     In  the 
southern  part  of  the  area  a  countercurrent  branches  off  from  the  North  Pacific  Current  and  flows 
approxinnately  southeastward.     The  subtropical  line  of  convergence,    as  haa  already  been  atated, 
Vciries  in  position  with  the  season,    and  in  the  summer  it  tends  to  move  north,    running  east  and 
west  at  about  the  line  of  30     N.   latitude.     In  the  winter  it  moves  to  the  southwaird.     Consequently, 
it  is   said  that  in  the  summer  along  the  southern  border  of  the  sea  area  great  gyrals  are  formed 
here  and  there  by  the  countercurrents  branching  off  to  southeastward   from  the  North  Pacific 
Current  auid  currents  branching  off  to  the  northwestward  from  the  North   Equatorial    Current. 

The  vertical  distribution  of  water  temperatures    and  salinities  is  comparative  uniform, 

the  isotherms  generally  paralleling  the  parallels  of  latitude.     Around  February  and  March,    when 

o 
the  winter  water  temperatures  have  reached  their  minimum,    the    16     C.    isotherm  runs   east  and 

o 
west  at  approximately  the  northern  boundary  of  this  sea  area,    while  the  20     C.    isotherm  appeal's 

at  the  parallel  of  30     N.     In  aumnner  the  surface  water  temperature  over  the  whole  sea  airea  ia 

o  o  o  o  o 

about  27     C.   with  22     to  23     C.   at  the  50-meter  level,    and  20     to  21     C.    at  100  metera. 

This  sea  area  is  well  known  as  an  albacore  ground,    and  many  boats  fished  there 
around  1935,    but  thereafter,    as  the  yellowfin  grounds  in  the  equatorial  region  were  developed, 
the  number  of  vessels  operating  in  this  region  declined  markedly.     However,    because  of  the 
prohibition  on  fishing  in  the  South  Seas  after  the  war,   the  vessels  fishing  in  these  grounds  again 
increased  jind  a  rather  large  catch  was  produced. 

The  season  is  in  the  winter,   with  the  nnain  fishing  season  from  Decennber  to 
February.     Albacore  are  most  numerous  in  the  catch,     but    considerable  numbers  of  broadbill 
are  taken  at  the  beginning  of  the  fishing  season.     The  catch  of  other  species  of  tuna  ia  generally 
almost  vestigial,   but  spearfishes  are  rather  abundant. 

As  was  stated,   the  fishing  season  is  during  the  winter  and  throughout  the  whole  fishing 
season  the  west  winds  blow  strongly  and  continuously,    meiking  operations  difficult,    and  ship- 
wrecks are  frequent  so  that  although  the  catch  is  large  it  is  difficult  to  characterize  this  as  a 
superior  fishing  ground  because  of  the  climate. 

In  the  following  discussion  this  area  has  been  divided  into  three  parts  of  10     of 
longitude  each,    amd  the  fishing  conditions   within   each  of  these  sections  are  discussed  in  general. 

(a)     150     to  160°  E.   longitude 

The  following  table  summarizes  data  from  past  investigations  in  this  section. 

o  /    o 

Table  86. --Fiahine  conditions  between  150     and  160 

E.  (30    to  35°  N. ) 


Number 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

201 

165,426 

69 

0.04 

48 

0.03 

756 

0.45 

7,932 

4.80 

864 

0.52 

The  overall  total  catch  rate  ia  allghtly  over  5.8,   with  albacore  making  up  alightly 
under  83  percent  of  the  catch.     The  catch  ratea  for  bigeye  tuna  and  apearfiahea  are  0.45  and  0.52 
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respectively.     The  values  for  the  black  tuna  and  yellowfin  catch  rates  are  so  low  as  to  be 
vestigial. 

If  the  section  between  150     and  160     E.   is  divided  into  five  parts  by  2     of  longitude, 
and  fishing  conditions  within  each  of  the  resulting  sections  are  compared,   the  results  are  as 
shown  in  the  following  table. 

o  o 

Table  87,  --  Fishing  conditions  by  sections  (30     to  35     N. , 

150°  to  160°  E, ) 


Section 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bige 

ye 

Albacore 

Spearfishes  | 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

stations 

of  hooka 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

150°. 

152°E. 

53 

37,688 

55 

0,15 

5 

0.01 

106 

0.28 

962 

2.55 

228 

0.60 

152°. 

154°E. 
154°. 

22 

15, 147 

0 

0.00 

5 

0.03 

62 

0.41 

379 

2.50 

100 

0.66 

156°E. 
156°. 

70 

42,863 

12 

0.03 

9 

0.02 

229 

0.53 

2.509 

5.83 

320 

0.75 

158°E. 

39 

47,061 

1 

0.00 

27 

0.06 

220 

0.47 

1,  315 

2.79 

133 

0.27 

158°. 

160°E. 

21 

23,337 

1 

0.00 

3 

0.01 

143 

0.61 

1,  188 

4.09 

75 

0.32 

Black  tuna  auid  yellowfin  are  extremely  scarce,    so  no  accurate  conclusions  can  be 
drawn  on  the  basis  of  this  much  data,   however,   it  appears  that  black  tuna  tend  to  be  more  abun- 
daxit  to  the  westward,   while  yellowfin  seem  to  be  more  abundamt  in  the  central  portion.     Bigeye 
tuna  are  taken  rather  uniformly  everywhere,    but  they  are  somewhat  scarcer  at  the  western  ex- 
tremity and  their  catch  rates  appear  to  be  high  in  the  east  and  low  in  the  west.     Albacore  are 
abundant  in  the  area  centered  around  155     E.   and  show  fairly  high  catch  rates  between  158     and 
160     E.     Spearfishes  are  abundant    west  of  156     E.   and  their  catch  falls  off  sharply  to  the  east- 
ward. 

The  following  table  shows  the  fishing  situation  by  months  for  this  sea  area  as  a  whole. 
The  data  are  very  unevenly  distributed  in  time  and  there  are  only  a  few  data  for  May  and  July, 
while  data  are  completely  lacking  for  the  other  summer  months.     Consequently  it  is  impossible 
to  know  the  changes  in  the  fishing  conditions  throughout  the  year,    but  looking  at  the  table  it  can  be 
seen  that  black  tuna  are  not  taken  fronn  Mairch  to  November.     They  are  taken  sporadically  from 
December  to  February,    and  their  highest  catch  rates  are  found  in  December.     Some  yellowfin 
are  taken  from  the  end  of  October  to  December,    and  their  highest  catch  rates  appear  around 
October.     No  very  marked  changes  in  the  bigeye  tuna  fishing  situation  can  be  detected,    but  they 
are  more  abundant  in  the  winter  season  from  October  on  with  r^her  high  catch  rate  values  for 
October     and  December.      The  albacore  increase  suddenly  after  December,    and  reach  their  high- 
est catch  rate  of  slightly  more  than  8.0  in  February.     They  appear  to  be  scarce  in  the  summer, 
but  as  they  show  a  catch  rate  of  slightly  more  than  3.0  in  July  there  appears  to  be  considerable 
possibility  of  expecting  some  catch  at  times.     The  spearfishes  show  their  maximum  catch  rate 
of  slightly  under  2.  0  in  October,    and  thereafter  with  the  passage  of  time  they  tend  to  decrease 
gradually. 


If  these  secLsonal  changes  in  fishing  conditions  are  compared  with  the  sea  area 
adjacent  on  the  south,    a  thoroughgoing  comparison  is  innpossible  because  of  the  lack  of  data 

and 
The  highest  bigeye 


o  _o 

between  25     and  30     N 


o  o 

There  is  no  record  of  black  tuna  being  taken  between  25     ajid  30     N. 


although  yellowfin  are  taken  almost  throughout  the  year,   the  amount  is  small. 
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catch  rate  appears  in  January,   making  it  appear  that  there  is  a  lag  of  about  1  month  as  connpared 
with  the  area  fronn  30     to  35     N. ,     but  the    difference  is  not  very  conspicuous.     Albacore  are 
most  abundjtnt  in  January,   reaching  their  peak  one  nnonth  earlier  than  the  February  mjiximum 
appearing  in  the  airea  of  30     to  35     N.     No  very  marked  difference  can  be  detected  in  the  case  of 
the  spearfishes.     Thus  there  are  notable  differences  in  the  case  of  black  tuna  and  the  yellowfin, 
but  no  conspicuous  differences  can  be  detected  for  the  other  species. 

Table  88. --Fishing  situation   by    months  (30°  to  35     N. , 
150°  to  160°  E.) 


Month 

Number 
of 

Number 

Black  tuna 

Yello 

wfin 

Bige 

ve 

Albacore 

Spearfi 

shes 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

offish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

84 

72,949 

4 

0.01 

0 

0 

340 

0.47 

4,  621 

6.33 

361 

0.50 

Feb. 

40 

25,632 

11 

0.04 

0 

0 

88 

0.34 

2,058 

8.03 

53 

0.20 

Mar. 

6 

6,738 

0 

0 

0 

0 

32 

0.47 

372 

5.82 

10 

0.  15 

May 

1 

300 

0 

0 

0 

0 

1 

0.33 

0 

0 

0 

0 

July 

1 

715 

0 

0 

0 

0 

0 

0 

22 

3.08 

2 

0.27 

Oct. 

6 

2,462 

0 

0 

3 

0.12 

14 

0.57 

1 

0.04 

48 

1.95 

Nov, 

51 

41,245 

0 

0 

32 

0.08 

112 

0.27 

348 

0.86 

343 

0.83 

Dec. 

37 

34, 159 

54 

0.  16 

14 

0.04 

173 

0.51 

962 

2.82 

108 

0.31 

As  we  compare  this  with  the  sea  area  east  of  the  Izu  Islands,    which  is  adjacent  on  the 


west, 


1.  There  appears  to  be  Sonne  difference  in  the  black  tuna  fishing  situation  as  catches 
are  made  in  the  area  east  of  the  Izu  Islands  from  January  to  April,   and  in  this  sea  area  only  fronn 
December  to  February. 

2.  In  the  sea  area  east  of  the  Izu  Islands  yellowfin  are  most  abundant  in  August  and 
some  are  taken  throughout  the  year.     In  this  sea  area  they  are  taken  from  October  through 
December.     As  we  have  no  data  for  August,    it  is  not  possible  to  make  a  comparison  with  the 
area  east  of  the  Izu  Islands. 

3.  There  does  not  seem  to  be  any  marked  difference  between  the  two  sea  areas  with 
regard  to    the  bigeye  tuna,   but  in  general  this  sea  area  appears  to  have  higher  catch  rates.     It 
should  be  noted  that  in  the  sea  area  east  of  the  Izu  Islands  the  peak  catch  rate  is  reached  in  April, 
but  no  comparison  is  possible  because  we  lack  data  for  April  for  this  sea  area. 

4.  The  peak  albacore  season  appears  to  be  about  I  month  later  in  this  sea  area. 

5.  The  following  table  provides  a  comparison  of  fishing  conditions  for  spearfishes  and 
sharks  in  the  three  sea  areas  discussed  above. 


o  o 

There  are  remarkably  few  data  for  the  area  from  25     to  30     N. 


150°  to  160°  E. 


and  they  are  unevenly  distributed  seasonally  so  it  is  difficult  to  make  a  comparison.     In  the  case  of 
the  striped  marlin,   the  maximum  catch  rates  of  the  year  appear  around  June  and  July  at  30     to 
35     N. ,    140     to  150     E.    (sea  area  east  of  the  Izu  Islands).     There  are  only  a  few  data  for  July 
fronn  this  sea  area,   but  the  striped  marlin  catch  rates  are  not  very  high.     The  nnaxinnum  catch 
rates  for  this  sea  area  appear  in  October.     The  broadbill  catch  rates  show  high  values  for 
October  and  March  in  the  area  east  of  the  Imu  Islands,   with  the  nnaxinnunn  in  March.     In  this  sea 
area  the  nnaximunn  catch  rate  is  attained  in  January.     In  the  area  of  25     to  30     N.  ,    150     to  160     E. 
a  rather  high  value  is  shown  for  March.     The  shark  data  for  various  species  have  been  lunnped 


120 


together,    ao  it  is  not  possible   to  judge  the  fishing  conditions  for  each  species  from  the  table. 

It  can  be  seen  that  the  catch  rate  tends  to  be  high  around  October  both  in  the  sea  area  east  of  the 

Izu  Islands  and  at  30°  to  35°  N.  ,    150°  to  l60°  E. 


Table  89. --Comparison  of  fishing  conditions  for  spear 
fishes  and  sharks  (25     to  30°  N,    1^50°  to 
160°  E;  30°  to  35°  N,  " 

35°  N.  ,    150°  to  160°  E.) 


140°  to  150°  E:   30°  to 


c 
o 

2 

25°-30°N..    150°-160°E. 

3G°-35°N.,    140°-150°E. 

30°-35°N.,    150°-160°E. 

o 
u 

Catch  rates 

0 
U 

v 

X      CO 

c  a: 
5   o 
5   o 
2  X 

Catch  rates 

0 

i  ° 
1^ 

Catch  rates 

"«  c 
S  6 

1 

XI 

0  -i 

OD 

M 
u 

to 

■0  C 
in   S 

1 

0    -1 

03  ^ 

00 

Eg 

in   g 

1 

O  rt 

m 

X 
u 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Oct. 

Nov. 

Dec. 

8,931 

13,219 

2,008 

2,996 

0.28 
0.42 
0.  10 

0.93 

0.04 
0.03 
0.45 

0.  13 

0.44 
0.34 
0.  35 

0.83 

99,933 

124, 661 

49, 172 

9,  326 

480 

184 

1,798 

1,  142 

420 

6,510 

15,840 

0.  10 
0.07 
0.  10 
0.04 
0.00 
5.44 
2.  11 
0.61 
0.48 
0.25 
0.15 

0.51 
0.66 

1.01 
0.33 
0.00 
0.00 
0.00 
0.00 

0.71 
0.26 
0.40 

0.80 
1,10 
1.63 
0.60 
0.42 
5.44 
1.11 
2.10 
5.00 
0.51 
1.39 

72,949 

25,632 

6,738 

300 

715 

2,462 
41,245 
34. 159 

0.06 
0.07 
0.07 

0.00 

0.28 

1.90 
0.56 
0.  17 

0.43 
0.13 
0.07 

0.00 

0.00 

0.12 
0.21 
0.  14 

0.45 
0.39 
0,06 

0.00 

0.  14 

4.80 
0.91 
0.71 

Note:     (1)     The  striped  marlin  colunan  includes  some  black  marlin  and  sadlfish. 

In  the  case  of  both  the  tunas  and  the  spearfishes,    it  appears  that  fishing  conditions  in 
this  sea  area  differ  somewhat  from  those  in  the  sea  areas  lying  adjacent  on  the  west  and  south. 
In  general  the  maun  fishing  season  for  this  sea  area  is  in  the  winter,   with  striped  marlin  rather 
abundant  around  October,    striped  marlin  and  broadbill  present  in  about  equal  numbers  around 
December,    and  broadbill  predominating  thereafter.       The  albacore,    which  is  the  principal  element 
in  the  catch,    increases  suddenly  after  December  and  reaches  the  peak  of  its  fishing  season  in 
January  and  February. 


(b)     160°  to  170°  E. 


longitude 


The  data  for  this  sea  area  are  summarized  in  table  90.     The  overall  average  catch 
rate  is  slightly  less  than    I  1.  1.   As  the  table  shows,   the  main  element  in  the  catch  is  the  albacore, 
making  up  93  percent  of  the  whole.     It  is  followed  in  importance  by  the  bigeye     tuna,    and  spear- 
fishes are  scarce.     Black  tuna  and  yellowfin  are  vestigial. 


Table  90.  --Fishing  conditions  at  30     to  35     N. 
to  170     E. 


160 


Number 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes         | 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

140 

175, 201 

22 

O.OI 

35 

0.02 

1,062 

0.61 

17,998 

10.27 

349 

0.20 

121 


In  table  91  this  area  has  been  divided  into  sections  of  2     of  longitude  and  fishing 
conditions  in  each  of  these  sections  are  presented. 

o  o 

Table  91. --Fishing  conditions  by  sections  (30     to  35 

N.  ,    160°  to  170°  E.) 


Section 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bige 

ye 

Albacore 

Spearfishes      | 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

160°. 

162°E. 
162°. 

34 

42,971 

12 

0.03 

4 

0.01 

176 

0.41 

6,419 

14.91 

70 

0.  16 

164°E. 

20 

21,858 

0 

0.00 

16 

0,07 

104 

0.47 

2.  542 

11.63 

24 

0.  11 

164°. 

166°E. 

28 

35. 377 

5 

0.01 

8 

0.02 

210 

0.59 

2.992 

8.46 

53 

0.  18 

166°- 

168°E. 

28 

38, 159 

3 

0.01 

5 

0.01 

278 

0.73 

2,880 

7.  55 

93 

0.24 

168°- 

170°E. 

30 

36,836 

2 

0.01 

2 

0.01 

294 

0.80 

3,  165 

8.59 

109 

0.  30 

On  the  whole,   black  tuna  and  yellowfin  are  present  only  vestigially,    and  do  not  appear 
to  be  centered  on  £iny  fishing  ground.     Bigeye  catch  rates  show  a  clear  tendency  to  be  high  in  the 
east  and  low  in  the  west.     The  albacore  show  high  catch  rate  values  everywhere,    but  they  are 
particularly  high  in  the  west.     Spearfish  catch  rates  show  some  tendency  to  be  higher  to  the  east- 
ward and  lower  to  the  westward. 

Fishing  conditions  by  months  are  shown  in  the  following  table. 

Table  92.  --Fishing  conditions  by  months   (30     to  35     N.  , 
160°  to  170°  E.) 


Month 

Number 
of 

Number 

Black  tuna 

Yello 

A'fin 

Bige 

ye 

Albacore 

Speajrf 

ishes 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

59 

68,867 

10 

0.01 

1 

0.00 

187 

0.27 

10,380 

15.07 

71 

0.  10 

Feb. 

17 

26,447 

9 

0.03 

0 

0.00 

159 

0.60 

2,451 

9.28 

55 

0.21 

Mar. 

3 

4,318 

0 

0.00 

0 

0.00 

42 

0.97 

44 

1.02 

18 

0.42 

Apr. 

3 

5,511 

0 

0.00 

0 

0.00 

69 

1.25 

208 

3.77 

4 

0.07 

Aug. 

1 

500 

0 

0.00 

0 

0.00 

1 

0.20 

0 

0.00 

0 

0.00 

Oct. 

6 

2,463 

0 

0.00 

3 

0.  12 

14 

0.57 

1 

0.04 

37 

1.50 

Nov. 

9 

12,455 

0 

0.00 

13 

0.  10 

124 

0.99 

525 

4.21 

66 

0.53 

Dec. 

41 

50,875 

2 

0.00 

24 

0.05 

455 

0.89 

4,  193 

8.24 

98 

0.  19 

Since  data  are  almost  entirely  lacking  for  the  summer,   changes  in  the  fishing  con- 
ditions throughout  the  year  are  not  clear.     The  table  shows  only  small  catches  of  black  tuna  in 
January  and  February  and  some  yellowfin  in  November  and  December.     The  bigeye     catch  rate 
increases  twice,    once  in  March  cind  April  and  once  from  October  to  December.     The  albacore 
catch  rate  increases  rapidly  after  November  and  attains  a  peak  of  slightly  more  than  15.0  in 
January.     The  situation  in  March  is  not  well  known  because  of  the  paucity  of  data,    but  the  trend 
appears  to  be  for  a  rapid  decline  in  the  catch  rate  in  Mjirch  and  somewhat  of  an  increase  in 
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April.     However,   because  of  the  paucity  of  data  for  these  two  months,   we  cannot  determine 
whether  this  sort  of  change  represents  a  normal  condition  or  whether  there  is  a  gradual  decline 
in  the  catch  rates  from  February  through  April.     Spearfishes  are  generally  scarce,   but  a  catch 
rate  of  1.  5  in  October  shows  that  there  is  a  possibility  of  taking  certain  amounts  of  thenn. 

0,0 
If  the  foregoing  is  compared  with  150     to   160     E.  , 

(1)  The  patterns  of  increase  and  decrease  for  black  tuna  and  yellowfin  in  the  two  sea 
areas  are  almost  same. 

(2)  Bigeye  catch  rates  are  generally  higher  in  this  sea  area,    and  the  seasonal  trends 
of  increase  and  decrease  agree  well. 

(3)  Albacore  catch  rates  are  generally  higher  in  this  sea  area,    and  the  peeik  fishing 
season  is  about  1  nnonth  earlier. 

(4)  The  spearfish  catch  rates  are  generally  lower  in  this  sea  area,   but  the  seasonal 
changes  in  the  fishing  conditions  are  in  general  agreement. 

These  factors  show  a  very  close  relationship  between  the  two  sea  areas. 

The  most  important  spearfishes  are  striped  marlin  and  broadbill,   with  some  black 
marlin  mixed  in.     The  following  table  shows  seasonal  changes  in  the  proportions  of  striped 
marlin  (including  black  marlin)  aind  broadbill. 

Table  93.  --Coniiposition  of  the  spearfish  catch 
(30°  to  35°  N.  ,    160°  to  170°  E. ) 


Month 

Total 
Number 

Striped  marlin 

Brc 

adbill 

Number 

Percent- 

Numbe r 

Percent- 

of fish 

age 

of  fish 

age 

Jan. 

71 

31 

43.7 

40 

56.3 

Feb. 

55 

24 

43.6 

31 

56.4 

March 

18 

4 

22.2 

14 

77.8 

April 

4 

2 

50.0 

2 

50.0 

August 

0 

0 

0 

0 

0 

Oct. 

37 

35 

94.6 

2 

5.4 

Nov. 

66 

53 

80.3 

13 

19.7 

Dec. 

98 

48 

49.0 

50 

51.0 

349 

197 

59.9 

152 

40.  1 

On  the  whole  striped  marlin  make  up  60  percent  and  broadbill  40  percent  of  the  total. 
In  October  striped  marlin  are  overwhelmingly  predonninant,    but  they  gradually  decline  thereafter. 
On  the  contrary,   the  broadbill  gradually  increase  and  approximately  equal  the  striped  marlin  in 
December,    and  they  sire  in  the  majority  in  March.     This  is  roughly  the  same  situation  that  was 
seen  in  the  area  of  150     to  160     E.    (see  table  89). 

There  are  many  deficiencies  in  the  data  on  sharks,    so  it  is  not  clear  what  chjmges 
take  place  in  the  shark  fishing. 

As  the  foregoing  shows,   this  sea  area  is  an  extrennely  good  albacore  fishing  ground. 
The  fishing  season  is  completely  confined  to  the  winter,    with  the  pealc  of  the  season  in  January. 
Bigeye  tuna  are  next  in  innportance  to  albacore,    and  they  are  teiken  most  abundantly  in  November 
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and  December.     As  there  are  almost  no  data  for  the  summer,   the  significsince  and  character  of 
the  area  as  a  fishing  ground  in  sunnnner  are  not  yet  known,    however,    judging  by  a  certain  amount 
of  data  it  appears  that  the  area  can  hardly  be  considered  a  very  good  ground. 


(c)     170°  to   180°  E.   longitude 


The  data  from  surveys  of  this  area  are  summarized  in  table  94. 

Table  94. — Fishing  conditions  from  170     to  180     E. 
(30°  to  35°  N.  ) 


Number 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes         | 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

202 

293,041 

28 

O.OI 

6 

0.00 

1,423 

0.49 

22,090 

7.  53 

325 

0.  17 

The  overall  average  catch  rate  is  slightly  more  than  8.0.     Albacore  are  most 
numerous,   making  up  slightly  less  than  93  percent  of  the  total  catch,    followed  by  bigeye  tuna. 
Spearfishes  are  scarce  with  a  catch  rate  of  less  than  0.2.     Black  tuna  and  yellowfin  are  extremely 
scarce,    almost  vestigial,   the  catch  of  yellowfin  being  particularly  small.      The  following  table 
shows  fishing  conditions  within  this  sea  area  for  sections  of  2     of  longitude. 

Table  95.  --  Fishing  conditions  by  2     sections   (30     to  35 
N.  ,    170°  to  180°  E.) 


Section 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes    | 

Nunnber 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Nunnber 

Catcl 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

170°. 

172°E. 

66 

94, 142 

15 

0.01 

0 

0.00 

511 

0.54 

9,  715 

10.32 

90 

0.  10 

172°. 

174°E. 

64 

102,783 

11 

0.01 

2 

0.00 

491 

0.48 

7,920 

7.70 

94 

0.09 

174°. 

176°E. 

23 

37, 168 

2 

0.01 

3 

0.01 

148 

0.39 

2,086 

5.61 

47 

0.  12 

176°. 

178°E. 

29 

40,690 

0 

0.00 

1 

0.00 

231 

0.57 

1,  689 

4.  15 

76 

0.  19 

178°. 

180°E. 

20 

18,285 

0 

0.00 

1 

0.00 

42 

0.23 

680 

3.72 

18 

0.  10 

In  a  very  general  way,   the  table  seenns  to  show  sonnewhat  of  a  tendency  for  black  tuna 
to  be  more  abundant  to  the  westward  and  scarcer  to  the  eastward.     The  same  tendency  was  also 
Been  in  the  area  of  160     to  170     E.     No  differences  between  sections  can  be  detected  in  the 
yellowfin  catch.     Between  170     auid  176     E.  the  bigeye  tuna  catch  rates  are  high  in  the  west  and 
low  in  the  east,    and  the  highest  catch  rate  for  this  species  is  between  176     and  178     E. ,    with  re- 
nnarkably  low  vadues  in  the  extreme  eastern  part  of  the  area.     The  albacore  show  a  clear  tend- 
ency toward  higher  values  in  the  west  and  lower  values  in  the  east,   with  a  maximum  catch  rate  of 
10.32  in  the  extreme  western  part.     The  highest  speairfish  catch  rates  are  between  176     amd  178 
E.,   but  in  generail  the  local  differences  in  fishing  conditions  for  these  fishes  are  not  clear.     Table 
96  shows  fishing  conditions  by  nnonths.     There  are  few  data  for  February,   but  black  tuna  have 
been  taken  only  fronn  November  to  January.     Yellowfin  are  recorded  for  May,    June,    and 
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December.     Bigeye  tuna  are  abundant  frona  Jeinuary  to  April,    with  peaks  in  their  catch  rate  in 
Januciry  and  April  and  the  mjiximum  catch  rate  for  the  year  in  the  latter  month.     The  albacore 
catch  rate  improves  suddenly  after  November  and  attains  its  high  of  the  year,    slightly  over  9.  5, 
in  December.     Thereafter  it  decreases  gradually  until  March,    and  then  the  catch  rate  again 
improves  in  April  to  slightly  less  than  6,  9.     These  fish  are  generally  scarce  in  the  summertime, 
but  a  catch  rate  of  slightly  more  thcin  2.  0  in  June  indicates  a  possibility  that  there  may  be  good 
albacore  fishing  at  times.     Spearfishes  are  generally  scarce,   but  they  appear  to  become  some- 
what more  abundant  in  the  sunnmer. 

,    o  o 

If  the  foregoing  is  compared  with  the  area  of  160     to  170     E.   adjacent  on  the  west, 

(1)    Black  tuna  begin  to  be  taken  1  month  earlier  in  this  sea  area  and  the  season 
appears  to  end  1  month  earlier. 

o  o 

Table  96.  --Fishing  condition  by  months  (0     to  30     N. , 

170°  to  180°  E.) 


Month 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfi 

Bhes 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

51 

73,238 

19 

0,03 

0 

0.00 

513 

0.70 

6,492 

8.89 

114 

0.  16 

Feb. 

3 

3,899 

0 

0.00 

0 

0.00 

23 

0.60 

291 

7.05 

4 

0.  10 

Mar. 

5 

9,268 

0 

0.00 

0 

0.00 

86 

0.93 

414 

4.49 

9 

0.  10 

Apr. 

3 

5,566 

0 

0.00 

0 

0.00 

56 

1.01 

382 

6.86 

12 

0.22 

May 

3 

1,500 

0 

0.00 

1 

0.06 

5 

0.33 

6 

0.40 

3 

0.20 

June 

12 

1,400 

0 

0.00 

1 

0.02 

12 

0.22 

110 

2.04 

0 

0.00 

Aug. 

7 

3,400 

0 

0.00 

0 

0.00 

5 

0.  15 

1 

0.03 

2 

0.06 

Nov. 

12 

21,010 

3 

0.01 

0 

0.00 

51 

0.24 

1,323 

6.25 

9 

0.04 

Dec. 

106 

166,000 

6 

0.04 

5 

0.03 

750 

0.45 

15,786 

9.51 

138 

0.08 

(2)  It  is  difficult  to  detect  any  differences  in  yellowfin  fishing  conditions  between  the 
two  areas,   but  the  catch  rates  have  snnaller  values  in  this  sea  area. 

(3)  Bigeye  tuna  are  generjilly  less  abundant  in  this  area,    but  the  seasonal  rise  cind 
fall  in  the  catch  rate  is  approximately  similar. 

(4)  The  albacore  catch  rates  are  also  generally  lower  in  this  sea  area,   but  the 
seasoned  variations  in  fishing  are  generally  similar.     It  appears  that  these  changes  tend  to  take 
place  somewhat  earlier  in  this  sea  area. 

(5)  It  appears  that  there  is  little  relation  between  the  monthly  changes  in  spearfish 
catch  rates  in  the  two  areas. 

For  the  principal  species  in  the  catch,   the  two  sea  areas  appear  to  be  related,   but  in 
general  the  fishing  seasons  in  this  sea  area  appear  to  be  about  1  month  earlier. 

It  was  stated  that  there  appears  to  be  little  relationship  in  the  case  of  the  spear- 
fishes.    If  we  look  at  the  monthly  composition  of  the  catch,    we  see  that  in  this  sea  area  throughout 
the  year  striped  marlin  are  more  abundant  than  broadbill.     In  the  area  between  160     and  170     E. , 
the  broadbill  increase  in  numbers  in  the  winter,    equaling  the  striped  marlin  arourd  December  and 
predominating  thereafter.     However,   in  this  sea  area  also  there  is  a  clearer  tendency  for  the 
broadbill  to  increase  in  the  winter  so  that  the  two  sea  areas  are  in  agreement  in  this  trend. 
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In  many  cases  the  records  pertaining  to  sharks  are  completely  lacking  so  it  is 
impossible  to  show  the  shark  fishing  situation  in  terms  of  catch  rates. 


15,     Area  of  35°  to  40°  N. 


150°  to  180°  E. 


This  sea  area  is  also  for  the  most  part  under  the  direct  influence  of  the  North 
Pacific  Current,    and  the  currents  flow  generally  eastward  at  all  seasons  of  the  year. 

Since  the  ocean  currents   eire  thus  comparatively  uniform,    there  is  also  little 
variation  in  the  distribution  of  water  temperatures  and     salinities  and  the  isotherms  generally  run 
parallel  to  the  parallels  of  latitude, 

o 

During  the  winter,    when  the  water  temperatures   are  at  their  lowest,    the   15     C. 

isotherm  appears  along  the  line  of  35     N.    and  the   10     C.   isotherm  parjdlels  roughly  the  line  of 
o  o 

40     N.     In  the  sumnner,   when  the  water  temperatures  are  at  their  highest,   the  isothernn  of  20     C. 

runs  along  the  line  of  40     N.    latitude  and  the  25     C.    isotherm  is  in  the  vicinity  of  35     N.     Since 

these  isotherms  reach  somewhat  higher  latitudes  at  the  extreme  western  side  of  this   sea  area 

than  they  do  to  the  eastward,    they  descend  from  west  to  east  in  a  very  gentle  slope. 

The  extreme  western  part  of  this  sea  area  is  fannous  as  a  broadbill  ground,   the 
season  being  in  November  and  December.     In  addition  to  broadbill,    striped  marlin  are  abundant, 
and  their  fishing  season  is  in  September  and  October,     There  is  a  flourishing  shark  longline 
fishery  which  takes  principally    rakudazame   (mokazame)    (Isurus  nasus)     and  the  great  blue  shark. 
This  fishery  has  two  seasons,    one  in  the  winter  and  one  in  the  summer.      To  the  ea^t  of  the  area 
there  are  excellent  albacore  grounds.     The  albacore  fishing  season  in  thi«  sea  area  is  sonnewhat 
earlier  thjui  that  on  the  grounds  to  the  south  and  is  of  shorter  duration.     Some  bigeye  tuna  are 
also  taken.     Hardly  any    black   tuna  are  taken  and  yellowfin  are  also  extren-iely  scarce,    but  de- 
pending on  the  location  considerably  better  catches  are  sometimes  nnade  than  are  found  between 
30°  and  35°  N. 

If  this  sea  area  is  divided  into  three  sections  each  of  1  0     of  longitude,   the  general 
outline  of  fishing  conditions  within  each  section  is  as  follows: 


(a) 


150°  to 


60°E. 


longitude 


The  following  table  summarizes  the  data  fronn  surveys  carried  out  in  this  section. 

Table  97. — Fishing  conditions   at   150°  to  160°  E.(35°  to 
40°  N. ) 


Number 

of 
stations 

Numiber 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Number 
of  fish 

Catch 
rate 

Numbe  r 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

309 

165,834 

12 

0.01 

111 

0,07 

638 

0,38 

2,686 

1.62 

2,498 

1.51 

The  overall  average  catch  rate  is  slightly  more  than  3.  5,   to  which  a  shark  catch  rate 
of  1 ,  8  may  be  added.     The  composition  of  the  catch,    aside  from  sharks,    is  44  percent  albacore, 
41  percent  spearfishes,    and  11  percent  bigeye  tuna,    with  yellowfin  making  up  the  greater  part  of 
the  remainder. 

o  o 

If  the  catch  rates   given  above  are  compared  with  those  in  the  area  of  30     to  35     N.  , 

which   adjoins    on  the  south,   we  find  a  markedly  lower  rate  for  black  tuna,    a  notable  increase  in 

yellowfin,    somewhat  of  a  drop,    although  no  great  difference,    in  the  case  of  the  bigeye  tuna,    a 

conspicuous  decline  in  albacore,    and  a  value  approximately  3  times  greater  for  spearfishes. 
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In  order  to  show  regional  variations  in  the  fishing  conditions  fronn  east  to  west  this 
area  has  been  divided  into  5  parts  of  2     of  longitude  each.     Fishing  conditions  in  each  of  these 
sections  are  shown  in  table  98.     As  the  table  shows,   there  are  more  data  for  the  western  part 
than  for  the  eastern  part  of  the  area. 

o  o 

Table  98.  --Fishing  conditions  by  2     sections    (35     to 

40°  N.,    150°  to  160     E.) 


Section 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bige 

ye 

Albacore 

Spearfi 

shes 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

150°. 

152°E. 

122 

53, 364 

9 

0.02 

7 

0.01 

87 

0.  16 

1,  333 

2,  50 

870 

1.63 

152°- 

154°E. 
154°. 

113 

58,005 

3 

0.01 

64 

0.  11 

354 

0.61 

990 

1.70 

1,067 

1.84 

156°E. 
156°. 

45 

25,218 

0 

0.00 

13 

0.02 

107 

0.40 

97 

0,38 

335 

1.33 

158°E. 
158°- 

20 

10, 164 

0 

0.00 

19 

0.  19 

58 

0.57 

58 

0.57 

167 

1.64 

160°E. 

9 

4,607 

0 

0.00 

7 

0.  15 

32 

0.69 

102 

2.21 

63 

1.37 

Black  tuna  were  taken  only  west  of  154     E.     Yellowfin  catch  rates  are  notably  lower 
in  the  sections  of  150     -   152     E,    and  154      -   156     E.   than  they  are  in  the  other  sections.     The  dis- 
tribution of  bigeye  catch  rates  resembles  that  of  the  yellowfin  with  a  general  tendency  toward  high- 
er rates  in  the  esist  and  lower  rates  in  the  west.     Albacore  aie  shoivn  to  be  somewhat  more 
abundant  at  the  eastern  and  western  extrennities  of  the  area  and  scarce  in  the  middle.     The  spear- 
fishes  cire  generally  abundcint,   with  catch  rates  between  1.3  and  1.8.     Comparing  localities,   there 
are  somewhat  higher  values  west  of  154     E.    and  in  the  section  between  156     and  158     E.     In 
general  the  most  important  element  in  the  catch  in  this  sea  area  is  the  spearfishes. 

Table  99  shows  monthly  changes  in  fishing  conditions  in  this  sea  area. 

Table  99.  — Fishing  conditions  by  months  (35     to  40     N. , 
150°  to  160°  E.) 


Month 

Number 
of 

Number 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes  | 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Jan. 

32 

18,720 

0 

0,00 

0 

0.00 

57 

0.30 

29 

0.  15 

291 

1,55 

Sept. 

5 

1,980 

0 

0.00 

2 

0.  10 

27 

1.36 

1 

0.05 

21 

1.06 

Oct. 

53 

23, 148 

0 

0.00 

50 

0.21 

203 

0.88 

110 

0.48 

546 

2.36 

Nov. 

123 

66,958 

0 

0.00 

61 

0.09 

333 

0.35 

409 

0.61 

861 

1.29 

Dec. 

106 

61,208 

10 

0.02 

0 

0.00 

125 

0.20 

2,  147 

3.51 

779 

1.27 

The  data  are  limited  to  the  period  of  5  months  from  Septennber  to  January.     The  table 
indicates  that  black  tuna  are  taken  only  in  November  and  December.     Yellowfin  were  taken  only 
from  September  to  November,   with  their  highest  catch  rate  in  October.     Bigeye  tuna  were  taken 
throughout  the  whole  period  covered  by  the  table,   but  they  were  most  abundant  in  September  aind 
October.     There  were  few  data  for  Septennber,    but  the  maximum  catch  rate  of  1.  36  in  that 
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month  shows  the  possibility  of  making  fairly  large  catches  of  this  species.     Albacore  were  very 
scarce  in  September,    but  they  gradually  increased  from  October  on  and  reached  their  highest 
catch  rate  of  3,  5  in  December.      The  catch  rate  dropped  sharply  in  January,    showing  that  the 
fishing  season  is  extremely  short.     But  within  the  scope  of  these  data  the  spearfishes  mciintained 
a  catch  rate  above  1.  0  at  all  times  and  attained  their  maximum  catch  rate  in  October. 

It  is  impossible  to  make  a  thoroughgoing  comparison  of  these  data  with  those  from  the 
area  of  30     to  35     N.    adjacent  on  the  south  because  of  differences  in  the  seasonal  distribution  of 
the  data.     There  appears,    however,   to  be  a  recognizable  tendency  for  fishing  seasons  for  each 
species  to  begin  and  end  about  1  month  earlier  in  this  sea  ajrea.     In  addition  to  this  time  lag  in 
the  fishing  seasons,   there  are  considerable  differences  in  the  values  of  the  catch  rates,   but  one 
can  recognize  many  points  of  agreement  in  the  trends  of  increase  and  decline  in  the  catch  rates, 
and  it  is  thought  that  the  populations  in  the  two  sea  areas  have  something  in  common.     If  this 
area  is  further  compared  with  the  northern- part  of  the  northeastern  sea  area,    which  adjoins  it 
on  the  west,    a  good  agreement  in  the  trends  can  be  recognized  just  as  in  the  case  of  the  area  of 
30°  to  35°  N. ,    150°  tc  160°  E. 

As  was  stated  earlier,   the  most  important  element  in  the  catch  in  this  sea  area  is  the 
spearfishes.     Among  these  the  most  inaportant  are  the  striped  marlin  and  the  broadbill,   with 
which  some  black  marlin  are  mixed.     Table   100  shows  the  changes  from  month  to  month  in  fish- 
ing conditions  for  sharks   ajid  in  the  composition  of  the  spearfish  catch. 

Table   100. --Monthly  changes  in  shark  fishing  conditions 
and  the  composition  of  the  spearfish  catch 
(35°  to  40°  N.,    150°  to  160°  E.) 


Month 

Striped  marlin 

Broadbill 

Sharks 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

19 
485 
435 

42 
4 

90.5 

88.8 

50.5 

5.3 

1.4 

2 

61 

426 

737 

273 

9.5 
11.2 
49.5 
94.7 
98.6 

118 

762 

1,689 

1,200 

422 

6.00 
3.29 
2.52 
1.96 
2.25 

Data  for  the  sunnmer  are  completely  lacking,    so  the  situation  is  not  well  known,   but 
around  September  striped  marlin  (including  a  small  number  of    black 'marlin  and  sailfish)  axe 
overwhelmingly  in  the  majority  ,    with  broadbill  appeciring  to  be  less  than  10  percent  of  the  total. 
In  October  the  proportion  of  broadbill  is  increased  somewhat  over  September,  but  striped  marlin 
are  still  overwhelmingly  predominant  ajid  make  up  88.  8  percent  of  the  totcil  spearfish  catch.     In 
November  the  proportion  of  broadbill  increases  sharply  and  striped  marlin  and  broadbill  appear 
to  be  taiken  in  approximately  the  same  proportions.     From  December  to  January  the  situation  is 
exactly  the  opposite  of  that  which  obtained  in  Septennber  and  October,    with  broadbill  swordfish 
overwhelmingly  in  the  majority.     In  Jajiuary,    particulaurly,   the  striped  marlin  catch  becomes 
very  small  and  indeed  almost  vestigial.     We  have  no  data  from  February  on  so  we  do  not  know 
what  further  changes  take  place. 

The  maximunn  catch  rate  for  sharks  appears  in  September,    after  which  the  catch  rate 
gradually  declines  until  December.     They  show  a  slight  tendency  to  increase  in  January. 


o  o 

If  this  is  compared  with  the  area  of  30     to  35     N. 


150°  to  160°  E. 


where  the  month 

in  which  the  proportions  of  striped  marlin  and  broadbill  in  the  catch  became  approximately  equal 
was  December,  this  sea  area  is  about  1  month  later.  Compared  with  the  northeastern  sea  area, 
which  is  adjacent  on  the  west,  and  in  which  the  two  species  attained  approximately  equal  propor- 
tions around  September,   there  is  quite  a  conspicuous  time  lag.     In  the  northeastern  sea  area 
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the  proportion  of  striped  marlin  was  quite  high  even  in  Jajiuary. 
month  in  these  three  areas  are  summarized  in  table   101. 


The  changes  from  nnonth  to 


Table   101. --Comparison  of  the  percentage  composition  of 
the  spearfish  catch  (35°  to  40°  N.  ,    150°  to 
160°  E.;    30°  to  35°  N.,    150°  to  160°  E. ; 
northeastern  sea  area) 


Month 

35°. 46" 

N..    140"- 

15(5  ^^E. 

35"-10"N.,    150^- 

itO^E. 

30"-35" 

N,  ,    150°. 

160°  E. 

Number 

Striped 

Broad- 

Number 

Striped 

Broad- 

Number 

Striped 

Broad- 

of  fish 

marlin 

bill 

of  fish 

marlin 

bill 

of  fish 

marlin 

bill 

Jan. 

74 

17.6 

82,4 

277 

1.4 

98.6 

361 

12,7 

87.3 

Feb. 

4 

0.0 

100.0 

- 

- 

- 

53 

35.8 

64.2 

Mar. 

2 

50,0 

50.0 

- 

- 

- 

10 

50.0 

50.0 

Apr. 

5 

40,0 

60.0 

- 

- 

- 

- 

- 

- 

May 

- 

- 

- 

- 

- 

- 

0 

- 

- 

July 

8 

87.5 

12.5 

- 

- 

- 

2 

100.0 

0.0 

Sept. 

5 

60.0 

40,0 

21 

90.5 

9.5 

- 

- 

- 

Oct. 

7 

28.6 

72,4 

546 

88.8 

11.2 

48 

93.5 

6.5 

Nov. 

145 

3.4 

96.6 

861 

50.5 

49.  5 

319 

72.7 

27.3 

Dec. 

314 

16,2 

83.8 

779 

5.  3 

94.7 

108 

55.5 

44.5 

In  addition  to  these  seasonal  changes,   the  cheinges  in  the  composition  of  the  spearfish 
catch  at  different  latitudes  are  also  remarkable.     These  fluctuations  are  shown  in  table   102. 
This  table  shows  that  from  October  on  the  striped  marlin  rapidly  move  from  north  to  south  and 
the  broadbill  then  nnoves  south  slb  if  following  them. 

Table  102. --Percentage  composition  of  the  spearfish  catch 
by  month  and  by  latitude  (35°  to  40°  N.  ,  150° 
to  160°  E.) 


Month 

35°  -  36°  N. 

36"  -  37*  N. 

37«- 

38°  N. 

38°- 

39°  N. 

39^^  -  40*  N. 

Striped 

Broad- 

Striped 

Broad- 

Striped 

Broad- 

Striped 

Broad- 

Striped 

Broad- 

marlin 

bill 

marlin 

bill 

marlin 

bill 

marlin 

bill 

marlin 

bill 

3ept. 

. 

. 

. 

90.5 

9.5 

. 

_ 

Oct. 

93.2 

6.8 

87.5 

12.5 

88,4 

11.6 

79.7 

20.3 

- 

- 

Nov. 

78.2 

21.8 

81.3 

18.7 

59.9 

40.  1 

34.0 

66.0 

2.  1 

97.9 

Dec. 

7,2 

92.8 

6.6 

93.4 

8.1 

91.9 

2.3 

97.7 

1.3 

98.7 

Ian. 

1.5 

98,5 

0.0 

100,0 

0.0 

100.0 

- 

- 

- 

~ 

As  the  foregoing  shows,   the  principal  elements  in  the  catch  in  this  sea  area  are  the 
spearfishes,    led  by  the  striped  marlin  and  the  broadbill,    ajid  the  albacore.     The  rakudazanne 
(Isurus  nasus)    also  has  considerable  significance  in  the  catch.     Some  bigeye  tuna  are  also  taken, 
but  the  other  tunjis  have  hardly  any  significance  as  an  object  of  the  fishery.     The  fishing  season  is 
about  half  the  year  from  September  to  January.     At  the  beginning  of  the  season  striped  marlin 
are  abundant  ajid  there  are  also  many  shaurks  taken.     With  the  passage  of  time  the  broadbill  sword- 
fish  catch  increases,    and  from  December  on  this  species  is  the    principal  item  in  the  catch.     In 
December  the  albacore    catch  also  increases,  and   considerable  numbers  of  these  fish  are  taken. 
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(b)     160°  to  170°  E.   longitude 


The  data  from  inveatigatlona  in  this  aection  are  aummarized  in  table   103. 

Table  103. — Fiahlng  conditiona  from  160°  to  170°  E. 
(35°  to  40°  N.) 


Number 

of 
atationa 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bige 

^e 

Albcicore 

Spearfishes    | 

Number 
of  fiah 

Catch 
rate 

Number 
of  fiah 

Catch 
rate 

Number 
of  fiah 

Catch 
rate 

Numbe  r 
of  fiah 

Catch 
rate 

Number 
of  fiah 

Catch 
rate 

90 

108,803 

2 

0.00 

12 

0.01 

597 

0.55 

12,637 

11.62 

191 

0.18 

The  overall  average  catch  rate  ia  quite  high,   being  alightly  leas  than  12.4,     The  moat 
important  element  in  the  catch  ia  the  albacore,   which  makea  up  more  than  94  percent  of   the 
total  catch.     Next  moat  important  ia  the  bigeye  tuna,   which  is  4.4  percent  of  the  total  catch. 
Spearfiahes  are  extremely  acarce,   their  catch  rate  being  leaa  than  0.2.     Black  tuna  and  yellow- 
fin  are  alnnoat  entirely  without  aignificance  aa  objectives  of  the  fishery. 

If  this  ia  compared  with  the  above-deacribed  aection  between  150     and  160     E,  , 
which  adjoina  this  aection  on  the  weat,   there  ia  a  rather  conepicuoua  decline  in  the  black  tuna  and 
yellowfin,    and  something  of  an  increase  in  the  catch  ratea  of  bigeye  tuna.     The  increase  in  the 
albacore  catch  rate  is  extremely  conspicuous,   the  catch  rate  in  this  sea  area  being  7  times  that 
in  the  area  described  above.     The  spearfish  catch  rate  has  decreased  sharply,   being  only  one- 
ninth  what  it  was  in  the  previously  described  sea  area. 


o  o 

Comparing  this  area  with  the  aection  30     to  35     N. 


160°  to  170°  E. 


which  adjoins  it 

on  the  south,   black  tuna  and  yellowfin  are  rather  conspicuously  scarcer  in  this  sea  area,   but 
otherwiae,    although  there  are  aome  differencea  in  the  catch  ratea,   the  composition  of  the  catch 
is  very  similar,    showing  that  this  area  is  more  closely  related  to  the  area  to  its  south     than  to 
the  section  to  the  west. 


If  we  look  at  these    phenomena  without  taking  into  conaideration  the  factora  to  be 
diacuaaed  below,    it  appeara  that  In  the  aea  areaa  north  of  30     N.   latitude  the  diatribution  of  the 
tunaa  and  apearfishes  which  are  taken  by  the  tuna  longline  fiahery   does    not  differ  greatly  with 
latitude,   that  ia  from  north  to  aouth,   but  variea  moatly  with  longitude,   that  ia  from  eaat  to  weat, 
with  a  distributional  boundary  in  the  vicinity  of  160     E.     Of  course  this  does  not  mean  that  the 
pattern  of  distribution  in  a  north-south  direction  is  completely  identical  throughout  the  year.     One 
can  detect  marked  seasonal  changes  from  north  to  south,    but  these  are  mainly  time  lags  and  do 
not  have  the  character  of  complete  differences  between  regions  in  the  conriposition  of  the  catch  at 
the  same  season. 

The  first  cause  of  marked  differences  in  the  composition  of  the  catch  at  different 
longitudes  is  differences  in  oceanographic  conditions.     In  the  sea  areas  adjacent  to  Japan  the  in- 
fluences of  the  Kuroshio  and  the  Oyashio  work  strongly,    and  the  effects  of  the  Kuroshio  extend 
much  farther  north  than  they  do  to  the  eastward  in  the  central  part  of  the  Pacific,     The  Oyashio 
extends  here  and  there  In  wedges  into  this  current.     To  the  eastward  the  oceanographic  conditions 
are  generally  uniform,   with  the  isotherms  lying  approximately  along  the  parallels  of  longitude. 
It  goes  without  saying  that  this  situation  has  a  great  effect  on  the  distribution  of  the  fishes  dis- 
cussed above.     However,    as  the  discussion  of  the  distribution  of  these  fishes  hcis  been  baaed  upon 
the  catch  ratea  of  the  longline  fiahery,   we  muat  take  account  not  only  of  theae  differencea  in  the 
oceanographic  conditiona  but  alao  of  differencea  in  the  conatruction  of  the  fishing  gear  and  the 
bait  that  is  used. 
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We  can  see  certain  local  differences  in  the  construction  of  the  fishing  gear.     On  the 
distant  grounds  off  to  the  east  lines  especially  designed  to  take  albacore  have  been  much  used  in 
the  past,    and  the  data  which  we  have  handled  here  are  mainly  derived  fronn  this  type  of  line. 
These  longlines  usually  have  a  large  nunnber  of  short  branch  lines.     Here  and  there  they  have 
long  branch  lines  called  "burakuri",    which  are  said  to  be  intended  to  catch  bigeye  tuna.     Long- 
lines  of  this  construction  are  not  used  on  the  fishing  grounds  of  the  northeastern  area,    where 
spearfishes  and  tuna  other  than  the  albacore  are  the  objective  of  the  fishery.     Consequently, 
room  is  naturally  left  for  further  examination  of  the  appropriateness  of  discussing  the  distribu- 
tion of  species  and  the  characteristics  of  fishing  grounds  on  the  basis  of  the  catch  rates,    as  was 
done  in  the  foregoing.     There  will  doubtless  be  opportunity  for  further  discussion  of  this  problem 
in  later  chapters. 

o  o 

Table   104.  --Fishing  conditions  by  sections  (35      -  40     N.  , 

160°  -   170°  E.) 


Section 

Number 
of 

Number 

Bigeye 

Albacore 

Striped 

marlin 

Broadbill 

Sharks           ] 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

160°. 

162°E. 
162°- 

2 

2,  582 

4 

0.  15 

299 

11.67 

0 

0.00 

3 

0.  12 

19 

0.74 

164°E. 
164°. 

24 

26,617 

166 

0.62 

3,468 

13.03 

17 

0.06 

8 

0.03 

143 

0.53 

166°E. 
166°- 

16 

16,989 

35 

0.21 

3,889 

22.90 

23 

0.  14 

5 

0.  13 

103 

0.61 

168°E, 
168°- 

19 

25,594 

173 

0.68 

2,420 

9.50 

32 

0.  12 

33 

0.  13 

100 

0,  39 

170°E. 

29 

37,021 

219 

0.59 

2,  561 

6.89 

33 

0.09 

37 

0.  10 

79 

0.21 

In  table   104   this    sea  area  has  been  divided  into  five  parts  of  2     of  longitude  each,    and 
fishing  conditions   within    each  of  these  sections  are  presented  separately.     From  the  table  we  can 
see  that  catch  rates  for  bigeye  tuna  are  low  in  the  extreme  western    portion    and  in  the  center, 
with  fairly  high  catch  rates  everywhere  else.     Albacore  catch  rates  in  the  central  portion  are 
extremely  high  but  tend  to  decline  gradually  to  the  westward.     To  the  eastward  they  fall  off  sharp- 
ly.    Differences  between  localities  in  the  fishing  conditions  for  the  spearfishes  are  not  conspicuous. 
Sharks,   on  the  whole,    like  the  spearfishes  are  much  less  abundant  than  in  the  area  fronn  150     to 
160     E.     As  for  localized  differences,   there  is  clearly  a  trend  for  the  catch  rates  to  be  high  in  the 
west  and  low  in  the  east. 

If  we  compare  this  area  with  the  area  of  30     -  35     N.  ,    which  adjoins  it  on  the  south, 
it  is  difficult  to  find  any  common  trends  for  the  principad  items  in  the  catch,    which  are  bigeye 
tuna,    albacore,    and  specurfishes. 

The  data  are  almost  confined  to  the  two  months  of  November  and  December,    so 
seasonal  changes  in  fishing  conditions  are  not  clear,   however,   the  data  have  been  assembled  in 
table   105     so  as  to  show  changes  in  fishing  conditions  from  month  to  month. 

For  all  species  other  than  albacore  the  November  catch  rate  values  are  higher  than 
those  for  December.     Albacore  in  December  have  an  extraordinarily  high  catch  rate  of  slightly 
more  than  16.8.     The  situation  in  January  is  not  clear  because  of  the  paucity  of  data,    but  the 
possibility  of  rather  large  catches  is  indicated.     The  data  for  February  are  also  extremely  poor, 
but  they  too  appear  to  indicate  the  possibility  of  fairly  high  catch  rates. 
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Table   1 05. --Fishing  conditions  by  months   (35     to  40 

N.  ,    160°  to   170°  E.) 


Month 

Number 
of 

Number 

Bigeye 

Albacore 

Striped  marlin 

Broadbill 

Shar 

ks 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Nov. 

37 

47,942 

289 

0.60 

2,  750 

5.74 

76 

0.  16 

40 

0.08 

254 

0,53 

Dec. 

49 

57, 332 

319 

0.56 

9,  708 

16.83 

22 

0.04 

39 

0.07 

181 

0.32 

Jan. 

1 

1,200 

0 

0.00 

232 

11.00 

1 

0.08 

0 

0.00 

1 

0.08 

Feb. 

1 

828 

0 

0.00 

65 

7.85 

0 

0.00 

0 

0.00 

0 

0.00 

June 

1 

400 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Aug. 

1 

400 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

If  the  foregoing  is  compared  with  the  eirea  from   150     to  160     E.   which  adjoins  it  on 
the  west,   rather  conspicuous  differences  in  the  values  of  the  catch  rates  can  be  detected,   but 
the  trends  of  increase  and  decrease  are  in  good  agreement  for  all  species.     If  the  area  is  further 
compared  with  the  area  of  30     to  35     N.  ,    160     to  170     E.    adjacent  on  the  south,    it  can  be  seen 
that  the  trends  of  increase  and  decrease  of  the  catch  rates  for  bigeye  tuna  and  spearfishes  are  in 
general  agreement,   however,   there  is  clearly  a  lag  in  the  peak  of  the  albacore  fishing  season, 
the  maximum  catch  rate     at  30     to  35     N.   appearing  in  January  with  a  numerical  value  of  15.0. 

o  o 

If  we  compare  the  proportions  of  striped  marlin  and  broadbill,    at  35     to  40     N.  , 

150     to   160     E.   broadbill  are  about  60  percent  of  all  the  spearfishes.     However,    in  this  sea  area 

the  proportions  are  reversed  and  striped  marlin  are  about  55  percent  of  the  spearfish  catch. 

As  was  stated  earlier,   in  the  northern  areas  in  general  the  striped  marlin  increase  markedly 

around  September  and  October,   then  from  Novennber  on  they  decrease  rapidly  and  there  is  a 

conspicuous  increase  in  broadbill.     The  data  for  this  sea  area  are,    as  shown  in  table   105,    almost 

entirely  confined  to  November  and  December.     Nevertheless,    it  is  worthy  of  note  that  broadbill 

are  scarce  in  comparison  with  striped  marlin.     It  is  considered  that  this  sort  of  phenomenon  is 

controlled  by  the  distribution  and  migrations  of  the  broadbill,    and  the  two  sea  areas  are  adjudged 

to  differ  somewhat  in  their  character  as  fishing  grounds. 


(c) 


170°  to  180°  E.   longitude 


The  data  for  this  section  are  summarized  in  table   106. 

Table   106. --Fishing  conditions  at  170°  to  180^  E.    {35' 
to  40°  N.  ) 


Number 

of 
stations 

Nunnber 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes 

Number 
of  fish 

Catch 
rate 

Nunnber 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

108 

157,354 

12 

O.OI 

1 

0.00 

754 

0.48 

13,  182 

8.38 

176 

0.  11 

The  overall  catch  rate  for  tunas  and  spearfishes  is  slightly  less  than  9.0,    a  rather 
high  figure.     The  most  abundant  item  in  the  catch  is  the  albacore,   which  makes  up  slightly  more 
than  93  percent  of  the  catch  excluding  miscellaneous  fish.     It  is  followed  in  abundance  by  the 
broadbill  with  slightly  more  than  5  percent.     Spearfishes  are  scarce  making  up  only  slightly  more 
than  1  percent.      Black  tuna  and  yellowfin  are  extrennely  scarce,    and  have  almost  entirely  lost 
their  significance  in  the  catch. 
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If  this  ia  compared  with  the  area  from  160     to   170     E,   which  lies  adjacent  on  the  west, 
there  is  a  slight  increase  in  black  tuna  and  a  sharp  decline  in  yellowfin.      There  appears  to  be 
somewhat  of  a  tendency  to  decrease  in  the  case  of  bigeye  tuna,    but  there  is  no  great  difference, 
the  spearfish  catch  rate  has  dropped  by  half,    and  the  albacore  catch  rate  is  rather  conspicuously 

GO 

lower.     Connpared  with  the  area  of  30     to  35     N,    adjacent  on  the  south,   both  black  tuna  and 
yellowfin  are  extremely  scarce,    but  the  bigeye  catch  rates  show  quite  equal  values.      The  albacore 
catch  rate  is  somewhat  higher  in  this  sea  area,    but  the  difference  is  not  as  marked  as  that  be- 
tween this  sea  area  and  the  area  to  the  west  of  it.     Spearfishes  are  scarce  in  both  sea  areas,   but 
the  decline  is  somewhat  more  conspicuous  in  this  area. 


longitude. 


The  following  table  shows  fishing  conditions  within  the  area  by  sections  of  2     of 


Table   107. --Fishing  conditions  by  sections   (35     to  40 
N.  .    170°to  180°  E.) 


Section 

Number 
of 

Number 

Bigeye 

Albacore 

Striped  marlin 

Broadbill 

Sharks         | 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Nunnber 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

170°- 

172°E. 

44 

61,603 

386 

0.63 

5,849 

9.49 

53 

0.08 

45 

0.07 

300 

0.50 

172°-- 

174°E. 

35 

44,316 

168 

0.38 

4,  701 

10.61 

26 

0.06 

16 

0.04 

219 

0.49 

174°- 

176°E. 

20 

14,660 

62 

0.42 

1,  243 

8.48 

14 

0.09 

8 

0.05 

38 

0.26 

176°- 

178°E. 

17 

24,640 

156 

0.64 

1,395 

5.68 

9 

0.04 

4 

0.02 

120 

0.49 

178°- 

180°E. 

-- 

-- 

-- 

--- 

— 

— 

-- 

~~ 

"■" 

"  " 

"■" 

The  bigeye  catch  rates  are  somewhat  lower  in  the  central  section,    and  higher  at  the 
eastern  and  western  extremities.     In  general  albacore  catch  rates  are  high  in  the  west  and  low  in 
the  east,   with  a  maximum  catch  rate  of  10.6  in  the  section  from  172     to  174     E.     The  spearfish 
catch  is  so  small  as  to  be  of  no  great  importance,  bat  although  it  is  difficult  to  perceive  any  local 
differences  in  fishing  conditions  for  striped  marlin,   the  broadbill  appear  generally  to  have  higher 
catch  rates  in  the  west  and  lower  in  the  east.     A  remarkably  low  catch  rate  for  sharks  in  the 
section  fronn  174     to   176     E.    is  indicated,    but  elsewhere  they  generally  show  uniform  vadues. 


180°  E 


o  o 

When  these  conditions  are  connparea  with  those  in  the  area  of  30     to  35     N. 


170°  to 


a  very  similar  trend  for  bigeye  tuna  is  indicated.     In  general  albacore  caitch  rates  are 
higher  in  this  sea  area,   but  in  both  areas  roughly  the  same  trend  of  higher  rates  in  the  west  and 
lower  rates  in  the  east  can  be  detected.     It  is  difficult  to  recognize  any  marked  fluctuations  in 
the  case  of  spearfishes  and  sharks.     These  facts  indicate  that  the  two  sea  areas  have  the  same 
characteristics  as  fishing  grounds. 


The  local  variations  in  fishing  conditions  from  north  to  south  have  been  shown  in  table 
108  by  dividing  the  cirea  into  sections  of  1     of  latitude. 

From  the  table  it  is  clear  that  the  bigeye  catch  rates  aie  high  in  the  south  and 
gradually  decrease  toward  the  northward.     In  the  case  of  the  albacore,    on  the  contrary,   the  trend 
is  for  high  rates  in  the  north  and  lower  in  the  south,   but  this  trend  is  not  as  regular  as  in  the  case 
of  the  bigeye.     For  the  spearfishes  no  definite  trend  CEin  be  detected,    but  the  sharks  clearly  show 
higher  rates  in  the  south  and  lower  rates  in  the    north,    just  as  do  the  bigeye  tuna. 
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Table  108, --Fishing  conditions  by  latitude  (35     to  40 

N. ,    170°  to  180°  E.) 


Section 

Number 
of 

Number 

Bigey 

e 

Albacore 

Striped  marlin 

Broadbill 

Shar 

ks 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hoolis 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

35°. 

36°N. 
36°. 

72 

87,028 

539 

0.62 

7,568 

8.80 

69 

0.08 

52 

0.06 

472 

0.  54 

37°N. 

22 

28.357 

137 

0.48 

2,  154 

7.60 

15 

0.05 

5 

0.02 

115 

0.41 

37°. 

38°N. 
38°. 

11 

13,885 

52 

0.37 

1,400 

10.08 

9 

0.06 

6 

0.04 

52 

0.37 

39°N. 
39°. 

10 

12,760 

37 

0.29 

1,422 

11.  14 

8 

0.06 

9 

0.07 

36 

0.29 

40°N, 

3 

4,289 

2 

0.05 

454 

10.71 

5 

0.  12 

1 

0.02 

12 

0.28 

Table   109  shows  changes  in  fishing  conditions  from  month  to  month. 


o  o 

Table   109. --Fishing  conditions  by  nnonths  (35     to  40 

N.,    170°  to  180°  E.) 


Month 

Number 
of 

Number 

Bigeye 

A'bacore 

Striped  marlin 

Broadbill 

Shar 

ks 

Number 

Catch 

Numbe  r 

Catch 

Number 

Catch 

Number 

Catch 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

of  fish 

rate 

Oct. 

3 

5.  335 

14 

0.26 

168 

3.  15 

8 

0.  15 

0 

0.00 

42 

0.75 

Nov. 

52 

78,702 

316 

0.40 

5,677 

7.22 

50 

0.06 

28 

0.04 

441 

0.56 

Dec. 

49 

69,264 

420 

0.61 

6,  577 

9.50 

42 

0.06 

46 

0.06 

223 

0.32 

Jan. 

3 

3,753 

4 

0.  11 

760 

22.92 

1 

0.03 

1 

0.03 

0 

0.00 

June 

1 

300 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

The  data  are  almost  entirely  concentrated  in  November  and  December,    so  it  is 
difficult  to  show  clearly  the  chajiges  in  fishing  conditions  from  nnonth  to  month.     Judging  from 
what  is  shown  in  the  table,   the  bigeye  gradually  increase  from  October  to  December,   reaching 
their  maximum  catch  rate  in  the  latter  month.     Like  the  bigeye,   the  albacore  also  increase  with 
the  paissage  of  time  from  October  on  and  attain  a  catch  rate  of  9.  5  in  December.     In  January  the 
catch  rate  is  slightly  under  23,    but  because  there  are  so  few  data  it  is  not  clear  whether  or  not 
the  rate  is  always  that  high,    however,   it  may  be  considered  that  there  is  a  possibility  of  a  fairly 
high  catch  rate.     The  striped  marlin  tend  to  decrease  gradually  from  October  on,   while  the 
broadbill  appear  to  increase  somewhat  in  December.     The  shark  catch  rate  shows  a  tendency  to 
decrease  gradually  after  October. 

It  can  be  seen  that  the  conditions  described  above  coincide  perfectly  with  those  in  the 
area  of  35     to  40     N. ,    160     to  170     E. ,   which  lies  adjacent  on  the  west.     Only  in  the  case  of  the 
albacore  in  January  is  there  a  marked  difference,   but  this  is  considered  to  be  due  to  the  paucity 
of  the  data.     It  also  appears  that  conditions  here  are  in  general  agreement  with  the  situation  in 
the  area  of  30     to  35     N. ,    170     to  180     E.  ,   which  lies  adjacent  to  this  area  on  the  south. 
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Taking  a  general  view  of  the  whole  area  of  35     to  40     N. 


150°  to  180°  E. 


it  is,    as 

has  already  been  stated,    aui  extraordinarily  good  albacore  ground.     The  fishing  season  is  from 
October  to  January,   with  the  peak  in  December.     The  albacore  are  distributed  all  over  this  sea 
cirea,   but  there  is  some  difference  in  fishing  conditions  from  east  to  west  so  the  distributional 
pattern  is  thought  to  differ.     Not  only  is  a  difference  in  the  density  of  distribution  detectable,    but 
there  appear  also  to  be  loczil  differences  in  the     size   of  the  fish  that  are  taken,    and  on  the  basis 
of  these  differences  Uda  has  reported  the  existence  of  three  groups  of  fish.     Differences  from 
north  to  south  in  fishing  conditions  appear  mainly  to  accompany  the  seasons,    and  there  seems  to 
be  a  tendency  for  the  fishing  season  to  be  somewhat  earlier  in  the  north  and  later  in  the  south. 


The  species  next  to  the  albacore  in  importance  is  the  bigeye     tuna.     Bigeye  catch 
rates  are  shown  to  be  higher  in  the  south  and  to  gradually  decrease  to  the  northward.     No  very 
marked  differences  in  fishing  conditions  can  be  detected  in  an  east-west  direction,   although  there 
appears  to  be  some  tendency  for  catch  rates  to  be  higher  in  the  east  and  lower  in  the  west.     The 
fishing  season  is  from  October  to  December,    with  the  peak  of  the  season  in  the  latter  nnonth. 


Spearfishes  are  generally  scarce,   most  of  them  being  striped  marlin  and  broadbill. 
Striped  marlin  catch  rates  are  highest  around  October,    after  which  they  gradually  decline  to 
December  and  then  drop  off  sharply  in  January.     The  situation  in  the  summer  is  unknown  be- 
cause data  are  completely  lacking.     Broadbill  swordfish  gradually  increase  from  October  on  and 
attain  their    highest   catch  rate  around  December.     Considered  geographically,   both  the  striped 
marlin  and  the  broadbill  show  a  tendency  to  be  nnost  abundant  in  the  extreme  western  part  of  this 
sea  area  and  to  decrease  as  one  goes  eastward.     This  tendency  appecirs  particularly  conspicuous 
in  the  case  of  the  broadbill.     In  a  north-south  direction,    striped  marlin  are  more  abundant  in  the 
south  and  broadbill  in  the  north.     Black  tuna  and  yellowfin  are  almost  entirely  without  signifi- 
cance in  the  catch.     Shark  catch  rates  tend  to  be  high  in  the  west  and  low  in  the  east,   and  if  con- 
sidered in  terms  of  latitude,   they  appear  to  be  generally  high  in  the  south  and  low  in  the  north, 
but  because  many  of  the  data  are  deficient,   there    appears  to  be  need  for  further  analysis  of    the 
catch  rates  given  in  the  foregoing  tables. 


16.     Area  of  40°  to  43°  N. 


150°  to 


55°  E. 


This  sea  area  is  located  at  the  extremity  of  the  tuna  longline  fishing  grounds,   so  the 
season  is  short  and  the  species  in  the  catch  are  limited. 

There  are  few  data  from  investigations  in  this  area,    and  table  110  summarizes  them. 

Table  110. --Fishing  conditions  at  40     to  43     N. , 
150°  to  155°  E. 


Numbe  r 

of 
stations 

Number 
of  hooks 

Black  tuna 

Yellowfin 

Bigeye 

Albacore 

Spearfishes         | 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

23 

19, 167 

0 

0.00 

0 

0.00 

2 

0.01 

4 

0.02 

135 

0.07 

The  overall  average  catch  rate  for  tuna  and  spearfishes  is  only  0.  8.     As  the  table 
shows,   there  are  no  records  at  all  of  captures  of  black  tuna  or  yellowfin.     Catches  of  bigeye  tuna 
and  albacore  are  almost  vestigial,   and  the  spearfishes  are  the  main  part  of  the  catch.     Some 
sharks  are  also  taken,    indeed,    shark  fishing  is,    as  will  be  related  below,    rather  active. 

Data  exist  only  for  the   months  of  October  and  November,    and  the  following  table 
gives  a  comparison  of  fishing  conditions  in  these  two  months. 
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Table   111. --Fishing  conditions  by  months  (40     to  43     N.  , 

150°  to  155°  E.) 


Month 

Number 

of 
stations 

Number 
of  hooks 

Striped  marlin 

Broadbill 

Sharks 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Number 
of  fish 

Catch 
rate 

Oct. 

Nov. 

15 
8 

14, 391 
4,  776 

1 
1 

0.01 
0.01 

124 
11 

0.86 
0.23 

187 
444 

1.30 
9.30 

They  have  been  omitted  from  the  table,    but  bigeye     tuna  and  albacore  were  only  taken 
in  October.     Among  the  spearfishes,    striped  nnarlin  were  extremely  scarce  in  both  months  and 
were  quite  vestigial,   but  broadbill  were  rather  numerous  and  had  a  fairly  high  catch  rate  in 
October.     However,   they  seem  to  have  declined  sharply  in  November.     The  sharks  on  the  contrary 
showed  a  marked  increase  in  their  catch  rate  to  9.  3  in  November. 


o  o 

If  this  is  compared  with  the  area  of  40     to  43     N. 


140°  to  150°  E. 


which  lies 


adjacent  on  the  west,   there  was  a  considerable  number  of  black  tuna  taken  in  October  with  a 
catch  rate  of  0.  37  in  the  area  of  140     to  150     E.     However,    in  this  sea  area  none  of  these  fish 
were  taken  at  all.     Few  bigeye  and  albacore  were  taken  in  either  area,    and  these  species  appear 
to  have  almost  no  significance  in  the  catch.     Of  the  spearfishes,    in  October  in  the  area  of   140     to 
150     E.   the  striped  marlin  (including  black  marlin  and  white  marlin)  had  a  catch  rate  of  0.  13  and 
made  up  30  percent  of  the  totzil  spearfish  catch.     In  November  they  declined  sharply,    the  catch 
rate  was  only  0,02,    and  they  made  up  only  3  percent  of  the  spearfish  catch.     However,    in  this 
sea  area  the  proportion  of  striped  marlin  in  the  catch  is  very  small  in  both  October  and 
November.      These  phenomena  probably  nnean  that  the  two  sea  areas  have  a  quite  different  charac- 


ter as  fishing  grounds.     Comparing  this  area  with  the  area  of  35     to  40     N 


150°  to  160°  E. 


which  adjoins  it  on  the  south,    in  both  October  and  November  the  catch  of  yellowfin,    bigeye,    and 
cilbacore  in  the  latter  area  is  much  greater  than  in  this  area,    as  is  the  catch  of  spearfishes.     As 
for  the  proportion  of  striped  marlin  and  broadbill,   in  this  sea  area  broadbill  make  up  almost  all 
of  the  catch  in  both  nnonths,    while  in  the  area  of  35     to  40     N.  ,     150     to  160     E.    in  October  the 
striped  n-iarlin  are  slightly  under  89  percent  of  all  spearfishes  and  in  December  they  are'still 
more  thjin  50  percent. 

From  the  foregoing  it  is  thought  that  this  sea  area  differs  somewhat  in  its  character 
as  a  fishing  ground  from  the  sea  areas  surrounding  it.     In  effect,   this  sea  area  is  outside  the 
range  of  distribution  of  most  of  the  tunas  and  spearfishes  or  is  at  their  extreme  northern  limit, 
and  therefore  only  a  vestigial  distribution  is  indicated  or  the  fish  do  not  occur  at  all.     Fishing 
seasons,    as  far  as  existing  data  show,    are  extremely  short  and  the  important  species  in  the  catch 
are  limited  to  the  broadbill  and  sharks. 

VI.      The  Distribution  of  the  Tunas  and  Spearfishes  as  Shown  by  Their  Catch  Rates 

The  preceding  chapters  have  presented  a  discussion  of  the  significance  and 
characteristics  of  various  sea  regions  as  fishing  grounds,   based  on  data  gathered  by  research 
vessels  in  the  past.     Thus  the  general  outline  of  the  distribution  and  seasonal  changes  in  catch 
rates  for  tunas  and  spearfishes  has  already  been  set  forth.     The  present  chapter  is  an  attempt  to 
bring  together  and  summarize  the  various  facts  concerning  the  distribution  of  tunas  and  spear- 
fishes in  the  western  Pacific     Ocean. 

The  first  question  is  what  are  we  going  to  use  as  a  criterion  for  determining  the 
presence  or  absence  of  these  fishes?     It  is,    of  course,    impossible  to  observe  their  occurrence 
directly  as  in  the  case  of  land  aninnals  and  plants.     Consequently  their  presence  can  only  be 
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discussed  in  terms  of  the  fish  catch.     Furthermore,   the  only  suitable  method  which  can  be 
thought  of  for  considering  the  density  of  their  distribution  is  based  on  the  fishing  conditions. 

Hitherto  tuna  fishing  conditions  have  been  expressed  in  terms  of  the  catch  per  voyage 
or  the  catch  within  a  certain  area  within  a  definite  period,   however,    these  modes  of  expression 
have  the  defect  that  fishing  effort  is  not  accurately  expressed.     In  order  to  correct  this  defect, 
I  have,    as  previously  set  forth,   taken  the  catch  per  hundred  hooks  fished,    Ccilled  it  the  catch  rate, 
and  used  it  to  show  fishing  conditions. 

In  the  case  of  the  skipjack  live  bait  fishery,   the  so-called  "  biting  qualities"  of  the 
schools  greatly  influence  the  fishing  conditions,    and  even  though  the  catch  rate  is  calculated  on 
the  basis  of  the  number  of  poles  fished,    it  cannot  be  said  to  be  always  necessarily  correlated  with 
the  density  of  distribution. 

It  is  of  course  conceivable  that  we  have  the  factor  of  biting  qualities  in  the  tunas  aJid 
spearfishes  too,    but  in  the  case  of  the  longline  fishery  we  can  think  of  absolutely  no  means  for 
evaluating  this  factor.     This  means  that  there  are  no  grounds  on  which  to  refute  the  hypothesis 
that  the  catch  rate  is  always  in  proportion  to  the  density  of  occurrence  of  the  fishes.     In  other 
words,    at  present  we  can  think  of  no  other  method  than  to  assume  that  the  catch  rate  is  propor- 
tional to  the  density  of  distribution  of  the  fish. 

Now  if  we  do  nnake  this  assumption,   the  chief  problems  which  arise  are  differences 
in  the  construction  of  the  fishing  gear,    differences  in  the  bait  used,    errors  arising  from  differ- 
ences in  the  number  of  times  fished  aind  the  number  of  units  of  gear  ennployed,    and  fluctuations 
in  the  fishing  conditions  from  year  to  year. 

If  all  of  our  data  represented  the  use  of  identical  fishing  gear,   there  would  be  no 
problem  at  all,   however,    the  fishing  gear  has  changed  with  the  passage  of  time,    different  re- 
search vessels  sometimes  used  different  types  of  gear,    and  gear  of  differing  design  is  used  de- 
pending upon  the  fishing  ground  and  the  type  of  fish  sought. 

The  effect  of  fishing  gear  construction  on  the  catch  rate  has  as  yet  not  been 
sufficiently  studied,    but  there  are  data  which  indicate  that  it  is  not  to  be  talcen  lightly.     For  ex- 
ample,  the  data  collected  by  the  Hakuyo  Maru  in  various  southern  areas  show,    as  may  be  seen  in 
the  following  table,   that  differences  in  the  length  of  the  branch  lines  greatly  influence  the  catch 
rate. 

Table   1  12. --Fishing  results  with  branch  lines  of  different 
lengths  (Hakuyo  Maru) 


Year 

Date 

Area 

Short 

Branches 

Long  Branches 

Notes 

Fish 

i^ercent- 
age 

Fish 

i-'ercent- 
age 

1930 

5  Nov. 

Nicobar  Is. 

28 

27 

76 

73 

Fish  were  especially  nu- 
merous on  the  long   bran- 
ches on  four  occasions  and 
on  the  short  branches  on 
three  occasions. 

1931 

6  Jan. 

Sumatra- Java 

32 

29 

81 

71 

1933 

8  Jan. 

New  Guinea- 
Solomon  Is. 

13 

23 

43 

77 

Fish  were  particularly  nu- 
merous on  the  long  bran- 
ches on  two  occasions  and 
on  the  short  branches  on 
one  occasion.     No  record 
was  made  on  ten  occasions 

137 


"Percentage"  does  not  represent  the  catch  rate  but  the  proportion  of  the  fish  caught  which  were 
taken  on  long  and  short  branches. 

The  long  branches  were  99  feet  long  and  there  were  two  of  thenn  per  basket  of  gear. 
The  short  branches  were  30  feet  long  and  there  were  four  per  basket.     There  was  one  90-foot 
float  line  to  each  basket. 

Table   112  shows  that  even  in  three  different  regions  there  was  little  variation  in  the 
proportions  of  fish  taken  by  the  two  kinds  of  branch  lines.     Since  there  were  twice  as  many  short 
branches  as  long  branches,   the  catch  rate  of  the  long  branches  was  5  to  6  times  that  of  the  short 
bramches.     There  are  almost  no  such  data  for  Japanese  waters,   but  a  certain  amount  of  similar 
data  was  gathered  in  southern  waters  by  the  Shonan  Maru  and  other  research  vessels.     These 
data  show  a  rather  clear  tendency  for  the  catch  rates  for  the  tunas  to  be  greater  the  deeper  one 
goes,    at  least  down  to  100  meters,   for  the  spearfish  catch  rates  to  be  greatest  at  50  to  60  meters, 
and  for  the  shark  catch  rates  to  be  greatest  at  shallow  levels. 

Most  of  the  gear  used  by  research  vessels  in  exploratory  fishing  falls  into  three  gen- 
eral categories.     As  a  matter  of  fact,   however,    in  many  cases  there  are  inadequate  records  of 
the  gear  that  was  used  and  for  nnuch  of  the  data  we  do  not  know  what  type  of  gear  was  employed. 
Of  the  three  types  of  gear,    one  is  the  albacore  line,    and  the  other  is  a  line  specially  designed  to 
catch  spearfishes  and  sharks.     The  third  type  is  that  generally  used  to  catch  tunas  amd  spear- 
fishes.     However,    although  we  may  say  there  are  three  types,    it  is  not  a  matter  of  each  type 
having  a  connpletely  different  construction,    but  simply  that  they  differ  with  regard  to  the  number 
and  length  of  branch  lines,   the  length  of  float  lines,   the  shape  of  the  hooks,    ajid  so  forth. 

On  the  albacore   lines  employed  in  the  past,   the  brainch  lines  were  short  and  numerous. 
The  number  of  branch  lines  was  not  standardized  but  ranged  from  10  to  20  or  30  per  basket. 
For  the  most  part,    about  two  long  branch  lines,    called  "burakuri",  were  hung  among  the  short 
branches.     The  short  branches  were  mainly  intended  to  take  albacore,    while  the  burakuri  were 
for  catching  bigeye  tuna  or  other  tunas  and  spearfishes.     In  the  longlines  designed  to  take  shark* 
and  spearfishes,   the  branch  lines  were  short  and  most  such  gear  had  about  nine  branches  per 
basket.     The  third  type  of  gear,   that  commonly  employed,   has  four  to  six  branch  lines  per  basket, 
the  length  of  which  is  generally  greater  than  those  of  the  other  two  types  of  line. 

From  the  geographical  and  seasonal   point    of  view,    we  may  say  in  a  very  general  way 
that  in  the  winter  in  waters  north  of  25     N.   latitude,   the  gear  used  was  almost  entirely  albacore 
line.     To  the  south  of  this  latitude,    ordinary  longlines  are  used  throughout  the  year.     The  use  of 
spearfish  and  shark  longlines  is  comparatively  localized,    such  gear  being  found  in  Formosan 
waters,   west  of  Kyushu,    ajid  in  the  waters  of  northeastern  Honshu  and  Hokkaido,     The  gear  for- 
merly used  around  Tanegashima  to  take  black  tuna  was  of  a  peculiar  design. 

Except  for  the  slight  amount  of  data  presented  above,    almost  nothing  is  known  at  the 
present  time  with  regard  to  the  question  of  what  effect  the  length  of  the  branch  lines,   or  in  other 
words,    the  depth  at  which  the  hooks  hang,    has  on  the  catch  rate  for  the  various  species.     It  is 
said  that  bigeye  tuna  are  more  often  caught  on  long  branch  lines,   or  that  spearfishes  are  more 
often  caught  in  the  shallow  levels  and  so  forth,    but  hardly  any  scientific  demonstration  of  these 
facts  has  been  made.     Taking  albacore  lines  as  an  example,    black  tuna,    yellowfin,   bigeye  tuna, 
spearfishes,    and  sharks  are  all  caught  on  this  gear.     If  all  species  other  than  albacore  were 
caught  on  the  so-called  burakuri  and  if  the  albacore  were  always  taken  on  the  short  branch  lines, 
the  catch  rate  by  species  could  be  accurately  calculated.     However,    as  a  matter  of  fact,    all 
species  are  talcen  both  on  the  short  lines  and  on  the  burakuri.     Consequently,    in  calculating  the 
catch  rates,   the  total  number  of  branch  lines,   or  in  other  words  the  number  of  hooks  employed, 
must  be  used. 

As  was  said  earlie  r,    it  is  thought  that  the  effect  of  fishing  gear  construction  on  catch 
rates  is  not  to  be   regarded  lightly,    and  it  is  naturally  to  be  considered  that  some  correction  for 
differences  in  gear  construction  is  necessary  in  comparing  catch  rates  for  each  species. 
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However,   this  correction  is  a  problem  which  cannot  be  solved  until  future  research  has  shown  the 
effect  which  branch  line  length  has  on  the  catch  rates  for  each  species  at  different  seasons  and  in 
different  areas.     Here  we  must,   perforce,    ignore  the  differences  in  construction  of  the  fishing 
gear,   and  assume  that  it  all  has  equal  catching  power,   just  as  we  earlier  assumed  that  the  catch 
rate  is  proportional  to  the  density  of  occurrence  of  the  fish,    and  on  the  basis  of  these  two  as- 
sumptions,   we  will  examine  the  distribution  of  each  species. 

A.     Black  Tuna 

Stated  very  roughly,   the  distribution  of  the  black  tuna  extends  all  over  the 

northwestern  Pacific  Ocean  and  the  northeastern  part  of  the  South  China  Sea  between  15     and  41 

o 
N.   latitude  and  east  of  120     E.    longitude.     Thus  its  range,    if  we  except  the  South  China  Sea  and 

the  waters  around  the  Ogasawaras,    is  definitely  restricted  to  the  Kuroshio  and  the  North  Pacific 

Current. 

The  waters  with  a  high  density  of  occurrence,   that  is  to  say  waters  with  high  catch 
rates,    are  extraordinarily  linnited.     Citing  them  from  south  to  north,   they  are  the  coastal  waters 
east  and  west  of  Luzon,   the  waters  off  the  Miyako  chaun  jind  Okinawa,    the  waters   around 
Tanegashinna,    and  the  northern  part  of  the  Northeastern  Sea  Area.     They  occur  very  widely  be- 
tween 30     and  35     N.   latitude,    and  to  the  east  of  the  meridian  of  140     E.   longitude,   but  the  catch 
rates  in  this  area  are  very  low  jind  fish  are  taken  only  sporadically. 

The  season  on  the  fishing  grounds  off  the  east  and  west  coasts  of  Luzon  and  near 
Formosa,   although  it  may  be  slightly  earlier  or  later  from  year  to  year,   begins  in  March  and 
ends  in  early  June.     In  some  years  the  first  catches  are  made  in  the  latter  part  of  February,    but 
fishing  gradually  becomes  better  from  the  latter  part  of  March  on.     There  are  few  data  on  the 
catch  rates  and  the  seasonal  changes  are  not  clear.     The  following  table  presents  data  for  the 
period  from  March  to  May. 

Table   113.  --Black  tuna  fishing  conditions  in  Luzon  waters 


Position 

Date 

Number 
of 

Number 

Number 

Catch 

stations 

of  hooks 

of  fish 

rate 

17°-    18°  N. 

Mar.    15-24,    1935 

5 

900 

57 

6.33 

120°  -121°  E. 

o             o 

19     -   20     N. 

o             o 

May  10-21,    1935 

6 

960 

43 

4.48 

120     -121     E. 

o             o 

18     -    19     N. 

May  8-22,   1935 

10 

2,200 

77 

3.50 

120°  -121°  E. 

18°  -    20°  N. 

May  5-14,   1939 

10 

2,400 

68 

2.83 

122°  -124°  E. 

Note:    Data  from  vessels  reporting  to  the  Fornnosa  Government-General. 
As  this  table  shows,  the  catch  rates  were  surprisingly  high,    indicating 
great  density  of  occurrence. 

The  season  in  the  Miyako  Islands  and  Okinawa  is  chiefly  in  May  and  June,    somewhat 
later  thaui  in  the  Luzon  area;    however,   catches  have  been  reported  in  April.     Catch  rates  range 
from  a  low  of  0.  23  to  a  high  of  9.  37,   with  remarkably  high  catch  rates  being  recorded  from  time 
to  time.     The  catch  rates  of  9.  37  and  3.  76  were  each  recorded  for  only  one  trial  and  therefore 
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should  probably  be  interpreted  only  as  meaning  that  there  is  a  possibility  of  such  catch  rates 
occurring. 

Turning  next  to  the  northward  to  the  waters  around  Tanegashima,    the  peak  fishing 
season  is  from  December  to  February,    catches  continuing  to  be  made  into  March,   with  fairly 
high  catch  rates  being  indicated  in  some  years  even  in  April.     Farther  to  the  east  in  the  waters 
extending  to  145     E.   longitude  and  including  the  Ogasawara  area,   catches  are  made  from  April 
to  June,   but  on  the  whole  they  are  extremely  scattered  and  the  catch  rates  show  very  low  values. 

Considerable  fish  are  taken  in  June  and  July  off  the   Tokiwa  region  of  eastern  Honshu. 
Densely  congregated  schools  again  appear  fronn  the  Sanriku  region  of  northeastern  Honshu  to  the 
south  coast  of  Hokkaido  and  fish  are  teiken  continuously  fronn  July  to  November. 

In  the  area  east  of  140     E.   longitude  and  centering  between  30     and  35     N.   latitude 
some  black  tuna  are  taken,   the  season  being  fronn  Novennber  to  March.     However,    in  this  region 
there  are  practically  no  exploratory  data  for  any  season  other  than  November  to  March,   nor  are 
there  any  vessels  actually  operating  there  except  at  this    season,   therefore,   the  occurrence  of 
tuna  at  other   seasons  is  connpletely  unknown. 

At  almost  the  same  tinne   (November  to  March)  that  these  sporadic  catches  have  been 
nnade  in  the  broad  expanse  to  the  east  of  140     E.   longitude,   rather  dense  schools  appear  in 
waters  around  Taunegashinna.     The  question  of  what  route  these  schools  follow  before  appearing  in 
this  area  is  not  as  yet  concretely  answered.     However,   judging  fronn  the  changes  in  fishing  con- 
ditions in  this  area  and  in  other  areas,    it  is  thought  that  these  are  not  already  organized  schools 
which  have  nnigrated  in  fronn  other  regions,    but  that  the  fish  gradually  congregate  and  form 
schools  in  this  area.     Up  to  the  end  of  March  these  schools  nnove  extrennely  slowly  with  each 
succeeding  day  toward  the  northeast,   but  after  the  end  of  March,   when  they  reach  the  waters  of 
Miyazaki  Prefecture,   they  suddenly  disappear  and  the  densely  populated  fishing  grounds  vanish. 
Hitherto  the  established  theory  has  been  that  the  schools  follow  the  Japanese  coast  to  the  North- 
eastern Sea  Area,   but  annong  the  fishermen  in  the  Aburatsu  area  there  are  some  who  clainn  that 
the  direction  of  the  migration  shifts  to  the  south  from  the  vicinity  of  Toi  Misaki  (on  the  west 
coast  of  Kyushu). 

Around  the  end  of  the  fishing  season  off  southern  Kyushu,   dense  schools  of  black  tuna 
appear  in  the  northeastern  portion  of  the  South  China  Sea  and  fishing  flourishes  for  an  extremely 
short  period  on  the  east  and  west  coasts  of  the  island  of  Luzon.      The  peak  of  this  fishery  is  in 
April  aund  May,    the  fishing  falling  off  rapidly  in  June.      Judging  fronn  the  changes  in  this  fishery, 
it  may  be  thought  that  the  schools  fronn  this  area  gradually  nnove  along  the  Okinawa  chain,   but 
there  is  as  yet  no  concrete  proof  that  this  is  or  is  not  the  case. 

At  about  the  sanne  period  sonne  black  tuna  are  taken  in  the  northern  portion  of  the 
Ogasawara  Islands  area,    aund  there  is  sonne  catch  in  the  waters  off  the  Tokiwa  region  of  eastern 
Honshu.     It  nnight  be  thought  that  this  represents  a  nnovement  of  the    schools    which  were  densely 
congregated  off  southern  Kyushu,   but  if  we  consider  the  broad  distribution  this  would  entail, 
there  is  doubt  as  to  whether  or  not  the  schools  fronn  the  Tanegashinna  waters  have  beconne  so 
widely  distributed  as  to  appear  all  over  the  whole  area  directly  under  the  influence  of  the 
Kuroshio,   from  the  waters  off  Luzon  to  the  coasts  of  Japan  proper,    at  almost  the  same  time. 

We  have  almost  no  data  with  which  to  investigate  the  relationship  between  the  schools 
which  appear  around  Tajiegashinna  and  those  fronn  the  Luzon  airea,   but  they  can    be    thought  to  be 
different  schools  in  view  of  the  following  three  points.     The  first  point  is  the  difference  in  the  size 
of  the  fish.      The  schools  which  appeared  around  Tajiegashinna  were  nnostly  small  fish  of  around 
165  pounds  in  the  early  years  of  the  Showa  Era  (1925  to   1930).     With  each  succeeding  year  the 
fish  have  become  larger  and  airound  1940  their  average  weight  was  about  450  pounds   (figure   13). 
Around  Luzon  the  fish  were  very  large  when  the  fishery  was  first  developed  in  1935,   with  fish 
of  655  to  820  pounds  in  the  early  part  of  the  season,   gradually  declining  in  size  as  the  days 
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passed  until  smaller  fish  of  about  490  pounds  were  taken  at  the  end  of  the  season.     It  is  very 
regrettable  that  there  are  no  data  to  show  this  concretely.     However,    full  account  should  be 
taken  of  this  difference  in  the  size  of  the  individual   fish. 

The  second  point  is  the  question  of  fishing  seasons.     As  has  already  been  said,    about 
the  time  the  schools  in  the  waters  around  Tanegashima  began  to  move  slowly  to  the   northeast, 
there  was  already  a  certciin  amount  of  fishing  being  done  in  the  South  China  Sea.     As  was  stated 
earlier,   there  is  also  a  theory  that  the  schools  nnove  south  from  the  vicinity  of  Toi  Misaki,    and 
the  coincidence  of  fishing  seasons  is  not  necessarily  proof  of  the  difference  or  identity  of  the 
schools.     It  is  believed,   however,   that  this  coincidence  of  fishing  seasons,   together  with  the 
distance  between  the  fishing  grounds  and  the  movements  of  the  schools  in  the  waters  around 
Tanegashima,   has  a  considerable  significance  as  indicating  the  distinctness  of  the  schools. 

The  third  problem  to    be    considered  is  the  question  of  the  sexual  maturity  of  the  two 
groups  of  schools.     There  have  been  absolutely  no  reports  of  fish  with  ripe  or  near-ripe  gonads 
from  the  schools  in  the  waters  jiround  Tanegashima,    even  at  the  end  of  the  fishing  season.     It  is 
believed  that  July  is  the  center  of  the  spawning  season  for  black  tuna  in  Japanese  coastal  waters 
(including  the  Japan  Sea).     In  fish  from  the  schools  of  the  Luzon  area  the  gonads  are  already  very 
well  developed  at  the  beginning  of  the  fishing  season,    in  April  and  May  the  majority  of  the  fish 
are  ripe,    and  by  the  early  part  of  June  spawned-out  fish  already  appear  in  the  catch.     As  it  is 
thought  that  these  fish  characteristically  spawn  over  a  rather  long  period  and  throughout  a  broad 
area,   this  difference  in  ripeness  of  the  gonads  cannot  be  said  to  have  absolute  significance  as 
indicating  the  distinctness  of  the  schools.     Thus  at  present  we  have  no  data  which   would  enable 
us  to  prove  definitely  the  relationships  between  the  schools  which  appear  in  these  two  areas  and 
we  must  therefore  wait  for  future  studies  to  be  made.     However,   the  three  points  cited  may  be 
considered  to  indicate  the  distinctness  rather  than  the  identity  of  these  schools. 

B.     Albacore 

The  appended  chart  II  shows  the  distribution  of  catch  rates  for  albacore.     As  has 
already  been  stated,   the  albacore  is  broadly  and  generally  distributed  in  the  western  Pacific 
Ocean  north  of  the  Equator  to  the  vicinity  of  40     N.    latitude  and  it  also  occurs  to  some  extent  in 
the  South  China  Sea  and  the  Sulu    Sea.     It  can  be  said,   however,   that  the  area  in  which  the  catch 
rates  are  particularly  great,    or  in  other  words  where  the  density  of  distribution  is  high  is  the 
area  from  25     to  40     N.   latitude.     Accordingly  it  can  be  said  in  extremely  general  terms  that  the 
main  fishing  grounds  are  in  the  area  north  of  the  Northern  Equatorial  Current,   that  is,   north  of 
25     N.  ,   in  the  Kuroshio  and  its  extension,    the  North  Pacific  Current. 

Considered  seasonally,   this  species  occurs  to  some  extent  at  all  times  of  the  year 
■  omewhere  in  the  northern    part  of  the  western  Pacific.     The  season  of  densest  occurrence,    how- 
ever,  is  from  November  to  March,   particularly  from  December  to  February. 

As  our  data  are  extremely  uneven  in  their  representation  of  areas  and  seasons,   it  is 
impossible  to  clarify  the  distributional  pattern  for  each  sea  area  throughout  the  year.     If  we 
select  two  or  three  sea  aireas  for  which  data  are  connparatively  adequate  throughout  the  year, 
and  plot  the  changes  in  the  fishing  conditions  from  month  to  month  in  those  sea  areas,   we  get  the 
picture  shown  in  the  following  figure. 

o  o  ^o 

Figure   15  shows  the  fishing  situation  in  each  month  in  the  area  0     to  5     N.  ,    150     to 

160     E.     In  December,    February,    and  March  the  catch  rate  is  0.     Some  fish  are  tciken  in  all 
the  other  months,   the  catch  gradually  increasing  from  July  on,    with  the  highest  catch  rate  of  the 
year  in  September.     The  catch  rate  declines  sharply  in  October,    showing  only  a  vestigial  occur- 
rence. 
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Figure  15. — Albacore  fishing  conditions 
in  each  month  (0  to  5  N.  , 
150°  to  160°  E.) 


Figure   16  shows 
fishing  conciitions  in  the  south- 
ern part  of  the  Ogasawara  Is- 
lands (20°  to  25°  N.  ,    140°  to 
150     E.).     Because  of  the  scar- 
city of  data,    account  must  be 
taken  of  the  error  introduced  by 
the  operation  of  fluctuations  in 
fishing  conditions  on  the  catch 
rate.     However,    the  trend  of  the 
curve  agrees  well  with  that  for 
the  area  closer  to  the  Equator 
and  the  highest  catch  rate  seenns 
to  occur  in  September. 

The  changes  from 
month  to  month  in  albacore  fish- 
ing conditions  farther  to  the 
°  o  o 

north  in  the  area  30     to  35     N. , 

140     to  150     E.   have  already 
been  shown  in  the  section  on  the 
waters  east  of  the  Izu  Islands, 
but  for  the  convenience  of  the 
reader,   these  facts  are  plotted 
in  the  following  graph. 
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The  data  are  in- 
adequate for  many  parts  of  the 
curve,    particularly  in  September 
where  data  are  completely  lack- 
ing.    When  this  graph  is  com- 
pared with  the  two  previously 
presented,   we  not  only  see  a  re- 
markable increase  in  the  qatch 
rate  itself  but  a  complete  change 
in  the  seasonal  pattern  of  fish- 
ing.    The  catch  rate  rises  steep- 
ly from  November  to  January 
until  it  attciins  a  figure  of  about 
6.  0.     In  February  it  drops  some- 
what,  but  is  still  remarkably 
high.     From  March  on  it  falls 
off  steeply  and  during  the 
summer  there  is  hardly  any 
catch.     A  great  deal  of  attention 
should  probably  be  paid  to  the 
difference  between  these  areas 
in  any  consideration  of  the  dis- 
tributions and  migrations  of  the 
albacore.     As  was  stated  earlier, 
the  albacore  is  densely  distributed  in  the  area  of  the  Kuroshio  and  the  North  Pacific  Current,   the 
boundary  of  its  distribution  being  known  to  be  the  subtropical  convergence.     Not  only  is  there  this 
remarkable  change  in  fishing  conditions  as  we  pass  the  boundary  of  the  subtropical  convergence, 
but  there  is  also  a  very  marked  change  in  the  size  of  the  fish.     If  we  compare  fish  taken  during 
the  winter,   we  find  that  those  caught  south  of  the  subtropical  convergence  are  for  the  most  part  a 
great  deal  larger  thaui  those  taken  to  the  north  of  it. 
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Figure   16. 


--Albacore  fishing  conditions 
o  o 

in  each  nncinth  (20     to  25     N. 

140°  to  150°  E.) 
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Figure  17. --Albacore  fishing  conditions 
in  each  month  (30     to  35     N. 
140°  to  150°  E-.) 


Monthly  changes  in 
the  fishing  conditions  in  the  west- 
ern Pacific  north  of  20     N.   lat- 
itude in  the  period  from  Novem- 
ber to  March,   which  is  the  main 
fishing  season,    cire  shown  graph- 
ically in  the  appended  charts 
Ua-e. 

In  chart  a  (November) 
there  appears  to  be  an  area  of 
rather  dense  distribution  200 
miles  from  east  to  west  and  300 
miles  from  north  to  south  cen- 
tered at  35°  N,   latitude,    150°E. 
longitude.     There  is  no  area  of 
active  fishing  to  the  westward, 
nor  does  any  area  with  high 
catch  rates  appear  to  the  east- 
ward as  far  as  the  vicinity  of 
150°  E.   longitude.     East  of  165° 
E.   in  the  vicinity  of  30°  to  40     N. 
catch  rates  Jire  high  everywhere 
and  a  dense  occurrence  of  alba- 
core is  indicated. 


In  chart  b  (December)  the  fishing  grounds  of  the  area  centered  around  150     E.    are 
greatly  extended  compared  with  Novennber.      There   ig  a  series  of  excellent  fishing  grounds  ex- 
tending to  the  southwest  from  the  vicinity  of  38     N.   to  an  area  southeast  of  Hachijojima  at  about 
32     N.  ,    141     E.     Farther  to  the  west  there  is  an  excellent  but  completely  isolated  fishing  ground 
across  the  Izu  Islands  and  south  of  Shiononnis'aki  in  the  vicinity  of  30     N.   latitude.     A  tendency  can 
be  seen  for  the  fishing  grounds  to  broaden  southeastward  from  the  vicinity  of  150     E.  ,    and  the 
fishing  is  good  over  an  extensive  area  along  the  parallel  of  33     N.   between  140     and  155     E. 
longitude.     The  center  of  the  fishing  grounds  which  appeared  eaist  of  165     E.    in  Novennber  has 
moved  slightly  to  the  southward  and  these  grounds  have  extended  towards  the  west,    so  that  in 
terms  of  catch  rates  alone  the  boundary  with  the  fishing  grounds  which  appeared  centered  around 
150     E.   longitude  has  become   completely  obscured  and  the  whole  eirea  centered  around  35     N. 
latitude  has  become  a  good  fishing  ground. 

o 

In  chart  c     (Januju-y)  the  center  of  the  fishing  grounds  which  were  centered  around  150 

E.   longitude  has  shifted  to  the  southwest  to  the  vicinity  of  29     to  33     N, ,    143     to  147     E.     In 
December  the  vicinity  of  35     N.   was  the  center  of  a  fishing  ground,   but  in  January  fishing  has  be- 
come remarkably  poor  north  of  35     N.     The  isolated  fishing  ground  which  appeared  in  December 
south  of  ShionomisaM  has  become  greatly  enlarged  and  the  catch  rates  are  improved  over  those  of 
December.     East  of  150     E.    longitude  there  is  little  difference  in  the  fishing  situation  from  one 
area  to  another,    the  catch  rates  being   everywhere  about  the  sanne.     Within  the  region  for  which 
we  have  data  east  of  150     E. ,   the  center  of  distribution  has  gradually  moved  southward,    and  east 
of  175     E. ,   the  center  of  distribution  is  south  of  30     N.   latitude. 

When  we  conne  to  chart  d  (February),   we  have  much  fewer  data  than  we  had  for 
December  and  January,    but  on  the  whole  there  appears  to  be  a  tendency  for  the  good  fishing 
grounds  to  be  isolated  or  scattered.     On  the  west,   the  fishing  ground  south  of  Shionomisaki  has 
beconne  even  more  extensive  than  it  was  in     January  and  the  fishing  is  good  there.     Another  fish- 
ing ground  with  rather  high  catch  rates  has  appeau-ed  about  100  miles  south  of  the  Izu  Peninsula, 

and  another  region  of  fadrly  good  catch  rates  can  be  seen  to  the  east  of  the  Izu  Islands  in  the 

o  o  o  o  o 

vicinity  of  31     to  34     N, ,    141     to  142     E.     The  fishing  ground  which  was  centered  at  30     N. , 
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o 

145     E.  in  January  appears  to  have  moved  to  the  southeast,   with  a  good  fishing  ground  in  the 

vicinity  of  28     to  31     N. ,    144     to  149     E.     Between  150     and  160     E,   there  appears  an  area  of 
high  catch  rates  in  the  vicinity  of  32     to  34     N. ,    roughly  in  the  center  of  this  area,    while  some- 
what to  the  south  good  fishing  is  also  Indicated  around  26     to  27     N.     The  position  of  the  fishing 
grounds  at  the  center  of  this  group  la  about  2     south  of  where  it  was  in  January,     The  question  of 
whether  these  fishing  grounds  are  connected  or  isolated  cannot  be  answered  because  the  data  are 
scattered  geographically.     On  the  whole,   fishing  conditions  ea^t  of  160     E.   longitude  show  a 
distinct  tendency  to  deteriorate  from  the  levels  reached  in  December  and  January. 

Chart  £    (March),    shows  fishing  generally  much  poorer  than  it  was  in  February.     The 
areas  with  high  catch  rates  have  shifted  farther  to  the  south  than  they  were  in  February,   with 
the  principal  fishing  grounds  between  27     and  30     N.    latitude.      The  fishing  grounds  south  of 
Shionomisaki  have  shifted  to  the  southeast  and  their  center  is  in  the  vicinity  of  28     to  30     N. , 
136     to  139     E.     Between  140     and  150     E.   there  is  a  fishing  ground  with  rather  high  catch  rates 
in  the  vicinity  of  28     to  31     N.     Eastward  from  150     E.   longitude  to  165°  E.  there  are  hardly  any 
data  and  the  distributional  pattern  is  not  clear,   but  what  data  there  are  show  a  strongly  fluctuating 
fishing  situation  with  unstable  catches.     East  of  165     E.   the  data  are  almost  entirely  confined  to 
latitudes  south  of  30     N.  ,    and  fishing  is  notably  poor  in  connparison  with  February.     The  varia- 
tion in  catch  rates  between  fishing  operations  is  great  and  the  catch  is  unstable. 

The  end  of  the  longline  fishing  season  in  this  area  is  around  the  end  of  March  or  the 
beginning  of  April,    and  jdmost  no  fishing  is  done  aifter  that  time  so  there  are  practicadly  no  data. 
If  however,    we  look  at  the  few  data  we  have  for  the  period  April  to  July,    we  see  that  from  time 
to  time  during  this  period  there  are  rather  high  catch  rates  and  therefore  we  cannot  believe  that 
the  albacore  have  entirely   disappeared  from  the  area.     Because  of  the  extreme  paucity  of  the 
data,    however,   we  cannot  grasp  the  overall  distributional  pattern  by  means  of  longline  catch 
rates. 

During  the  summer  albacore  are  teiken  alnnost  entirely  by  pole  and  line.     As  a  result 
the  area  covered  by  the  fishing  grounds   coincides  approximately  with  the  fishing  grounds  for 
skipjack.     As  the  fishing  method  employed  at  this  season  is  completely  different,    it  is  not  possible 
to  make  any  comparisons  of  the  density  and  pattern  of  distribution  based  on  catch  rates.     Further- 
more,  the  fish  which  are  sought  are  generally  for  the  most  part  young  fish  differing     in  size 
from  the  albacore  taken  in  the  longline  fishery. 

8/ 
Un(>-     has  discussed  the  age  composition  of  the  albacore  catch  landed  at  Misaki  in  the 

summer.      TJda—    has  hypothesized  the  migrational  routes  for  the  albacore  shown  in  the  figure  on 

the  basis  of  the  changes  in  the  fishing  conditions  and  the  size  of  the  fish  taken  in  the  longline  and 

pole  and  line  fisheries  in   1935  jind   1936.     (The  figure  referred  to  has  been  omitted.) 

The  albacore  taken  by  longlines  during  the  winter  from  the  waters  of  Japan's  east 
coast  to  the  area  of  Midway  Island  are  thought  to  differ  in  size  from  area  to  area.     In  other  words, 
it  is  thought  that  different  age  groups  migrate  within  different  regions.     There  are,   however,   data 
which  indicate  that  there  are  rather  marked  variations  from  year  to  year  in  the  size  of  the  fish 
and  in  their  growth  amd  reproduction,    and  that  fish  of  the  same  size  are  not  always  necessarily 
taken  in  the  same  fishing  ground  at  the  same  season. 

In  the  data  used  in  preparing  this  book,    records  of  the  size  of  the  fish  taken  are  very 
few,    and  for  this  reaLSon  it  is  difficult  to  clarify  the  differences  in  distribution  and  the  migrational 
patterns  of  the  fish  by  reference  to  their  size.       Consequently,    I  have  only  been  able  to  discuss 

8^/    Uno,    Michio.     Connposition  of  the  catch  of  the  tuna  pole  and  line  fishery  east  of  CaoeNojima. 
Bull.   Jap.   Soc.   Sci.   Fish.,    Vol.   4,   No.    5,   pp.    307-309.    1936. 

9^/     Uda,    Michitaka.     The  relationship  of  albacore  fishing  conditions  to  oceanographic  conditions. 
Bull.   Jap.   Soc.   Sci.   Fish.,    Vol.    5,    No.    5,   pp.    295-300.      1937. 
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distribution  amd  migration  on  the  basis  o£  catch  rates.     If  we  connpare  the  charts  a  to  e    referred 
to  above  with  the  chart  of  migrations  prepared  by  Uda, 

1.  At  the  beginning  of  the  fishing  season  there  are  three  groups  of  fish  appearing 

separately  in  different  areas.     That  is,    in  November  the  area  centered  around 

o  ,    o 

150     E.    and  that  centered  at  165     E.   each  have  one  group,    but  in  December  the 

boundary  between  these  two  groups  becomes  unclear,    while  in  the  Kinan  sea  area, 

a  group  of  schools  completely  separate  from  these  two  appears. 

2.  The  subtropical  convergence  is  a  boundary,   with  the  distribution  of  albacore  to  the 
south,   that  is,    in  the  North  Equatorial  Current,    quite  vestigial,   while  the  dis- 
tribution is  extremely  dense  to  the  north  of  the  convergence. 

On  these  most  important  points,   there  is  cleaurly  agreement.     How- 
ever,  with  regard  to  the  migration  routes, 

3.  It  is  difficult  to  detect  with  certainty  any  fixed  direction  except  that  the  schools 

to  the  east  of  165     E,   longitude  are  already  densely  congregated  in  the  vicinity 

of  30     N.   by  the  middle  of  November,   and  both  the  schools  distributed  around 

o  ,    o 

150     E.    and  those  around  165     E.   move  slowly  to  the  south  with  the  passage  of 

time.     It  can  be  seen  that  the  schools  in  the  vicinity  of  150     E.   tend  to  move  to  the 

southeast. 

4.  On  the  whole  the  schools  appear  to  become  gradually  densely  congregated  within 
aji  area  just  like  a  rising  tide,   but  the  migrationcil  routes  by  which  the  schools 
move  there  are  not  clear.     This  tendency  appears  most  clearly  in  the  Kinan  sea 
area. 

Thus,   certain  differences  are  apparent,    however,    Uda's  conclusions  are  based  on 
data  from  only  about  1  year,  while  the  data  presented  here  cover  a  number  of  years,   in  some 
cases  more  than  10  years,   and  therefore  it  may  be  thought  that  differences  from  year  to  year  in 
the  pattern  of  migration  may  have  obscured  the  niigrational  routes. 

As  was  stated  earlier,   it  is  impossible  under  present  conditions  to  correct  the  catch 
rates  for  differences  resulting  from  the  fishing  gear.     The  longlines  used  on  fishing  grounds 
south  of  30     N. ,   particularly  fishing  grounds  in  the  vicinity  of  islands,   differ  somewhat,    as  has 
been  said,   fronn  the  gear  especially  designed  to  take  albacore.     It  is,    however,   probably  no 
mistake  to  consider  that  the  differences  in  catch  rates  in  waters  north  of  the  North  Equatorial 
Current  cind  in  those  to  the  south  clearly  indicate  a  difference  in  the  density  of  distribution  of 
the  albacore. 

C,     Bigeye  Tuna 

Appendix  chart  III  shows  the  distribution  of  catch  rates  for  bigeye  tuna  in  the  Indian 
Ocecin,   the  western  Pacific,    cind  their  contiguous  sea  areas.    As    the  chart  makes  clear,   the  dis- 
tribution of  the  bigeye  tuna  is  extremely  broad,    extending  from  the  Equator  to  40     N.     Little 
difference  in  the  density  of  distribution  throughout  the  whole  region  can  be  seen  from  the  catch 
rates.     In  other  words,   the  center  of  distribution  is  not  clear. 

The  chart  represents  catch  rates  throughout  the  year,  and  shows  that  the  catch  rates 
in  the  South  China  Sea  are  greater  than  those  in  the  Sulu  Sea  2ind  the  Celebes  Sea.  Leaving  these 
contiguous  waters  out  of  consideration,   the  general  picture  in  the  Pacific  is  as  follows: 

1.     South  of  10     N.   there  is  an  area  off  Mindanao  where  the  catch  rates  are  rather 
high,    and  farther  to  the  east  from  about  140     to  160     E.   there  is  another  area  of 
high  catch  rates. 
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o  o 

There  are  very  few  data  for  the  latitudes  between  10     and  20     N. 


so  that  the 


situation  there  is  not  well  understood,   however,    areas  with  high  catch  rates 

o  o 

appear  in  these  latitudes  in  the  vicinity  of   135     E.    and  again  between   145     and 

155°  E. 

3.  Farther  to  the  north  the  catch  rates  are  high  in  a  rather  broad  area  centered 

o  o 

around   155     E.    and  in  the  waters  east  of  165     E. 

4.  In  all  of  these  cases,    it  appears  that  one  cam  detect  a  tendency  for  the  catch 
rates  to  increase  as  one  goes  eastward. 

The  foregoing  remarks  take  no  account  of  the  uneven  seasonal  distribution  of  the 
data.     Seasonal  changes  in  the  density  of  distribution  cannot  be  thoroughly  investigated  because  of 
this  characteristic  of  the  data,   but  the  general  outline  of  the  distribution  as  between  the  various 
sea  area^  is  as  follows. 

The  following  figures  show  graphically  the  changes  from  month  to  month  in  fishing 
conditions  in  the  South  China  Sea.     There  are  no  data  at  all  for  April  and  May  and  very  little  for 
August.     Within  the  range  covered   by  the  available  data,   there  is  no  catch  at  all  from  June  to 
August,   while  there  is  a  rather  conspicuous  peak  in  September  with  a  catch  rate  of  0.35.     In 
October  and  November  the  catch  rate  gradually  declines  only  to  increase  again  in  December.     The 
highest  catch  rates  of  the  year  are  reached  in  February  with  a  figure  of  0.  53. 
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Data  for  such  con- 
tiguous waters  of  the  South  China 
Sea  as  the  waters  east  of 
Formosa,   the  Sulu  Sea,    and  the 
Celebes  Sea  are  unevenly  dis- 
tributed seasonally  and  therefore 
it  is  not  possible  to  compare  the 
monthly  changes  in  the  fishing 
conditions  in  these  waters  with 
those  of  the  South  China  Sea. 

Fishing  conditions 

by  months  in  the  vicinity  of  the 

o  o 

Ecjuator  from  0     to  5     N.   and 

from  150     to  160     E.    are  shown 

in  figure  20.     The  nunnber  of 

stations  fished  and  the  number  of 

hooks  employed  are  shown  in  the 

figure  in  the  same  manner  as  in 

figure   15. 


Figure   19.--Bigeye  tuna  fishing  conditions  Data  are  completely 

by  months  lacking  for  June.     The  cg.tch  rate 

reaches  its  low  in  March  with  a 
figure  of  only  0.02.     Thereafter  it  shows  a  tendency  to  gradually  increase  and  in  September  it 
reaches  its  highest  point  of  the  year  with  a  rate  of  about  1.5.     In  October  it  drops  off  sharply  and 
hits   a  low  again  in  November,    increasing  slightly  again  from  December  to  January  and  showing 
little  difference  between  January  and  February.     If  this  is  compared  with  the  curve  for  the  South 
China  Sea,   there  is  agreennent  in  the  peak  in  September,   but  the  January  peak  appears  in 
February  in  the  South  China  Sea.     A  conspicuous  low  appears  in  this  area  in  March,   but  it  seenns 
to  appear  in  the  South  China  Sea  after  April. 
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Figure  20.--Bigeye     fishing  con- 
ditions by  months 


As  we  have  almost  no  data  for 
o  o 

the  area  from   10     to  20     N.  ,    it  is  im- 
possible to  make  any  comparison  with 
changes  in  fishing  conditions  throughout 
the  year  there. 

o  o 

For  the  area  fronn  20     to  25 

N. ,    140°  to  150°  E.  ,   that  is,   from  the 
southern  Ogasawara  Islands  to  the  north- 
ern Marianas  and  eastward  the  data  are 
summarized  in  figure  21, 

As  the  figure  shows,    in  this 
sea  area  catch  rates  for  May  and  June 
are  0. 0,    but  a  rather  conspicuous  peak 
is  seen  in  July.     From  July  through 
September  the  catch  rates  continue  to 
drop,   and  although  there  are  no  data  for 
October,   the  catch  rate  continues  to 
climb  from  the  Septennber  low  until  it 
reaches  the  highest  point  of  the  year  in 
January  with  a  figure  of  slightly  over   1.  0. 
From  February  to  May  the  catch  rate 
falls  off  sharply. 

The  pattern  shown    by  this 
curve  differs  rather  markedly  from  that 
for  equatorial  waters,   with  a  lag  of  1  to 
2  months,    and  it  appears  to  show  a  trend 
which  rather  approximates  the  curve  for 
the  South  China  Sea. 


Continuing  to  the  northward,   the  fishing  conditions  by  months  for  bigeye  tuna  in  the 
area  30     to  35     N. ,    140     to  150     E. ,   to  the  east  of  the  Izu  Islands,   is  shown  in  the  following 
figure.     The  situation  shown  here  differs  conspicuously  from  that  previously  shown  for  the  curea 
south  of  the  Ogasawara  Islands.     In  this  area  the  highest  catch  rates  for  the  year  appear  as  a 
sharp  peak  in  April.      From  April  to  June  the  catch  rates  drop  off  sharply,    but  a  low  pe£ik  appears 
in  July.     However,    our  data  for  May  and  June  are  so  few  that  it  is  not  possible  to  decide  whether 
or  not  the  curve  reaches  a  low  point  in  June.     From  January  on  the  catch  rate  graduailly  in- 
creases,  with  a  blunt  peak  appearing  again  from  December  to  Januciry. 

If  this  curve  is  compared  with  that  for  the  area  south  of  the  Ogasawara  grouo.   there 
is  agreement  in  the  appearance  in  peaks  in  January.     However,    in  the  area  south  of  the 
Ogasawaras  this  peak  is  extremely  conspicuous,    while  in  this  airea  it  is  blunt  and  inconspicuous. 
The  most  outstanding  peak  in  this   krea  appears  in  April,    and  in  this  month  the  catch  rate  south 
of  the  Ogasawara  Islajids  shows  extremely  small  values.     Small,  peaks  appear  in  both  areas  in 
July,   but  as  was  said  earlier,   it  is  doubtful     whether  or  not  that  which  occurs  in  the  curve  for 
this  area  is  really  a  peak  at  all. 

Feirther  to  the  north  the  data  are  almost  entirely  confined  to  the  winter  and  therefore 
the  monthly  changes  in  the  fishing  conditions  throughout  the  year  are  not  clear.     As  was  already 
stated  in  the  section  on  fishing  grounds,   the  pattern  of  bigeye  tuna  fishing  in  this  region  varies 
from  area  to  area,   but  in  general  the  catch  rates  reach  their  highest  point  in  November  or 
December. 
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Figure  23  ahows  the 
changes  in  fishing  conditions  by 
months  for  the  waters  of  the 
Okinawa  Islands,    where  the  oceano- 
graphical  environment  differs  more 
or  less  from  that  of  other  sea  areas. 
The  form  of  the  curve  sonnewhat 
resembles  that  for  the  waters  south 
of  the  Ogasawaras.     In  the  latter 
area,   however,    a  second  peak  ap- 
pears in  July  and  no  such  peak  ap- 
pears in  this  area.     There  seems  to 
be  a  blunt  peak  appearing  around 
April  and  May,   but  it  is  extremely 
unclear. 

As  the  foregoing  figures 
show,  the  monthly  changes  in  fish- 
ing conditions  for  bigeye  tuna  differ 
rather  strikingly  between  areas, 
just  as  they  did  in  the  case  of  the 
albacore.     Not  only  do  they  differ 
with  respect  to  the  months  having 
the  highest  and  lowest  catch  rates, 
but  the  values  of  the  catch  rates 
themselves  differ  markedly.     How- 
ever,  in  spite  of  the  fact  that  the 
positions  of  the  peaks  and  low 
points  on  the  curves  of  monthly 
catch  rates  differ  and  despite  the 
differences  in  the  catch  rates  them- 
selves,   it  seems  possible  to  detect  a  common  character  more  or  less  clearly  shared  by  all  of  the 
carves  for  the  various  areas.     For  example,   the  catch  rates  begin  to  drop  off  sharply  in  the 
month  after  the  highest  catch  rates  aire  attained,    and  they  reach  their  lowest  point  about  half  a 
year  later  with  no  catch  or  almost  none.     One  or  two  months  after  the  month  in  which  the  lowest 

point  is  reached,    a  secondary  peak 
appears,    and  thereafter  the  catch 
rates  gradually  decline  until  one  or 
two  months  before  the  month  in 
which  the  catch  rates  reach  their 
highest  point.     During  this  latter 
period    there  is  no  month  without 
some  catch.     In  other  words,   there 
are  two  peaks  ajid  two  low  points 
in  the  year,   the  period  between  the 
maximum  and  minimum  catch  rates 
being  about  half  a  year,    and  a 
second  peak  and  the  second  low 
make  their  appearance  during  the 
half  year  between  the  nninimum  and 
the  maximum. 


Figure  21. --Bigeye  tuna  fishing  conditions  by 
months  (20°  to  25     N. ,    140°  to 
155°  E.) 
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Figure  22.  --Bigeye  tuna  fishing  conditions  by 
months  (30°  to  35     N.,    140°  to 
150°  E.) 


In  the  vicinity  of 
o  o  , 

the  Equator  from  0     to  5     N. ,   and 

from  150     to  160     E. ,    and  in  the 

o  o 

Nankal  sea  area  from  25     to  30     N., 

130°  to  140°  E.  ,   this  relationship 

is  reversed,    with  the  secondary 

pecik  and  the  secondary  low 
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appearing  in  the  months  between  the  maximum  and  the  minimum,    and  with  a  tendency  for  the 
catch  rates  to  increase  gradually  in  the  period  extending  from  the  minimum  to  the  maximum.     All 
of  these  areas,   however,    share  the  characteristic  of  two  peaks  and  two  lows  in  the  catch  rates 
in  the  course  of  a  year. 
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Figure  23. — Bigeye  tuna  fishing  conditions 

by  months  (24°  to  30°  N. ,    120° 
to  130°  E.) 


The  significance  of 
these  two  types  of  catch  rate 
curves  is  not  clear  at  present. 
Furthermore,    the  problem  of 
whether  these  two  types  indicate 
conditions  prevailing  at  all  times 
within  the  respective  sea  areas  or 
whether  they  simply  reflect  an 
error  due  to  the  abundjince  or  scar- 
city of  the  data  can  only  be  answer- 
ed when  future  investigations  have 
amplified  the  data  and  when  not  only 
comparisons  of  the  fish  catch  rates 
hut  comparisons  of  the  body  di- 
mensions of  the  fish  have  been  thor- 
oughly made.      Thus  at  present  it 
is  difficult  to  come  to  a  decision 
concerning  this  question,    but  prob- 
lems of  this  sort  C£in  be  thought  to 
have  an  extremely  important  signi- 
ficance in  the  study  of  bigeye  tuna 
resources,   distribution,    amd  migra- 
tion. 


D.     Yellowfin 

Appendix  chart  IV  shows  the  distribution  of  catch  rates  throughout  the  year  for 
yellowfin  tuna.     As  is  clear  from  the  chart,   the  distribution  of  yellowfin  is  also  extremely  broad, 
extending  from  the  Ecjuator  to  the  vicinity  of  40     N.   latitude.     The  species  also  occurs  widely 
in  the  South  China  Sea,   the  Sulu  Sea,   the  Celebes  Sea,   the  Flores  Sea,    and  similar  enclosed 
waters.     Areas  with  a  high  density  of  occurrence  axe,   however,   almost  entirely  limited  to  the 
waters  of  low  latitudes,   the  distribution  of  this  species  in  the  high  latitudes  being  almost  vestigial. 
Consequently,   the  longline  fishing  grounds  for  yellowfin  tuna  are  almost  confined  to  the  low  lat- 
itudes. 


Areas  with  a  high  density  of  occurrence,   where  catch  rates  are  5.  0  or  above,    can  be 
very  broadly  said  to  be  south  of  3     N.   in  the  Pacific  Ocean.     Off  the  east  ajid  west  coasts  of  the 
Philippine  Islands,   however,    such  areas  extend  farther  north,   waters  with  catch  rates  of  5.0  or 
more  appearing  as  far  north  as   10   N.   off  the  east  coast.     In  such  enclosed  waters  as  the  Celebes, 
Sulu,   and  South  China  seas  the  density  of  distribution  is  generally  high  and  waters  with  catch 
rates    above  5.0  can  be  found  as  far  north  as  20     N.     In  any  case,   in  the  western  North  Pacific 
the  productively       significant  ramge  of  occurrence  of  yellowfin  tvina  can  be  considered  to  be  south 
of  10°  N.   latitude. 


The  situation  in  the  Southwest  Pacific  and  Indian  Ocean  regions  is  not  well  known 
because  of  the  paucity  of  data  from  these  areas,   but  in  the  Solomon  Islands  area  it  appears  that, 
as  nnight  be  expected,   the  density  of  occurrence  is  greater  in  tlje  low  latitudes  (sic)  than  it  is 
south  of  5     S.     The  data  from  the  Banda  Sea,   the  Flores  Sea,   cind  the  waters  of  the  Greater  and 
Lesser  Sunda  archipelagoes  represent  chiefly  the  season  of  northwesterly  winds  (the  southern 
summer),   but  in  this  region  areas  with  catch  rates  of  5.0  or  more  extend  southward  to  12     S. 
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It  it  thought  that  this  situation  is  controlled  mainly  by  such  geographical  factors  as  the 
arrangement  of  islands. 

The  following  figures  show  catch-rate  curves  for  each  month  for  the  yellowfin  tuna 
in  areas  for  which  data  are  fairly  abundant  throughout  the  year,  just  as  was  done  in  the  case  of 
the  albacore  and  the  bigeye  tuna. 


Figrure  24  is  a  catch  rate 

curve  by  months  for  the  area  ex- 

o  o 

tending  from  0     to  10     N,   latitude 

and  from  150     to  160     E.   longitude. 
The  peaks  on  the  curve  appear 
quite  clearly  in  March  and  Septem- 
ber.    We  have  no  data  at  all  for 
June,   but  it  appears  that  the  high- 
est catch  rates  for  the  year  occur 
in  May  and  June.     The  minimunn 
catch  rate  for  the  year  appears  in 
February,   with  a  fairly  clearly  de- 
fined low  in  April  and  another  less 
clear  in  August.     From  October  to 
December  the  fishing  is  compara- 
tively stabilized,   with  catch  rates 
of  about  4.  0.     As  there  are  alnriost 
no  cases  in  which  data  for  the  whole 
year  are  available  for  particular 
areas,    the  monthly  changes  in  the 
fishing  conditions  in  waters  to  the 
east  and  west  of  this  area  are  not 
known,    however,   in  some  cases 
rather  high  catch  rates  are  indicated  in  February  and  April  so  that  it  seems  difficult  to  believe 
that  these  changes  take  place    uniformly  in  the  equatorial  waters  of  the  western  Pacific.     It  is  im- 
possible to  determine  at  present  whether  these  changes  indicate  local  differences  in  the  fishing 
season  or  whether  they  are  completely  fortuitous. 


ss 

D 

1 

1 

1 

K 

1 

/ 

1           1 

1 
\  / 

A 

1 
\ 

1 

1 

UJ 

4 

_ 

r 

\/ 

1 

V 

V 

-— o 

!5 

V 

T-/ 

q: 

~ 

1 

1 

X 

2 

-^ 

,    / 

o 

\ 

1- 



y 

< 

o 

/■\ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

CO 

1 

1 

in     ^0     r~- 
1              1 

00 

1 

en 

1 

o 

1 

*r 

CM 

MONTH 

7 

1 

1 

1 

CVJ 

1 

1 
1 

1 

1 

1 

1 

1 

1 

UJ 

1 

1 

CM 

1 

1 

in 
1 

1 

in 

STATIONS 

1 

IT) 

1 

1 
If) 

1 
O 

1 
oo 

1 

in 

1 

1 
in 

1 
in 

1 

CM 

1 
ro 

o>_ 

o 

in 

CVJ 

o 

§ 

CM 

CM 
CM 

CO 

^. 

in 

HOOKS 

— 

o" 

CJ 

00* 

iO 

ro 

f-' 

d 

cj-r 

ro* 

v' 

sr 

ro 

— 

CM 

CM 

ro 

(O 

in 

Figure  24. 


-Yellowfin  tuna  fishing  conditions  b 
months  (0°  to  10°  N.  ,    150°  to  1 60°  E.  ) 


?^. 


Figure  25  shows  the  yellowfin  fishing  conditions  by  months  for  the  vicinity  of  Palau, 
7     to  8     N.   latitude,    133     to  135     E.   longitude.     The  data  cannot  be  said  to  be  complete,   however, 
the  figure  shows  the  peaks  on  the  curve  to  appear  in  May,    October,    and  December.     The  May  and 
Decennber  peaks  are  particularly  conspicuous.     The  low  points  on  the  curve  appear  in  March, 
July,    and  November,   that  in  March  being  extremely  conspicuous.     Comparing  this  figure  with  the 
preceding  graph,   we  find  that  the  latter  had  peaks  in  March,    May,    June,    and  September  with  lows 
in  February,   April,    and  August.     Thus  the  conspicv.ous  peaks  of  May  generally  coincide,   but  the 
December  peak  did  not  appear  in  the  former  figure,    and  the  other  peaks  and  low  points,   with 
Sonne  lag,   appear  with  about  1  month's  difference. 

Figure  26  shows  the  fishing  conditions  by  months  in  the  South  China  Sea.     Data  are 
completely  lacking  for  April  and  May  and  therefore  the  year-round  pattern  is  not  known.     There  is 
an  extremely  conspicuous  peak  in  October,   but  no  outstanding  differences  in  the  fishing  conditions 
can  be  detected  from  November  to  about  March.     There  appears,    however,  to  be  a  rather  marked 
low  point  in  January.     The  catch  rate  is  at  its  lowest  in  August,   a  month  for  which  we  have  few 
data.    There     eire  no  data  at  all  for  April  and  May,   but  if  we  assume  that  there  is  a  pronounced 
peak  in  May,   the  form  of  the  curve  would  closely  resemble  that  for  Palau  waters.     If  we  further 
assume  that  the  catch  rate  gradually  declined  from  March  to  August,    the  curve  would  have  two 
peaks  and  two  low  points  and  would  show  the  same    trend  as  the  monthly  catch  rate  curve  for 
bigeye  tuna. 
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Figure  27  is  a  curve 
of  monthly  catch  ratea  for 
yellowfin  tuna  in  the  area  south 
of  Japan  between  25     anci  30     N., 
130°  and  140°  E.       Data  are 
completely  lacking  for  August 
ajid  September.     As  may  be  seen 
in  the  figure,   the  catch  rates  are 
much  lower  than  in  all  of  the  sea 
areas  previously  treated.     There 
is  a  very  outstanding  peak  in 
October  falling  off  sharply  from 
November  on.     There  are  no 
marked  changes  from  January  to 
March,    the  low  point  of  the  year 
being  reached  in  April.     The 
catch  rate  is  low  in  May,   but  a 
more  or  less  conspicuous  peak 
does  appear.     The  October  high 
coincides  with  that  of  the  South 
China  Sea,   while  the  May  peak 
coincides  with  that  of  the  equa- 
torial region.     On  the  whole  it  is 
assumed  that  the  form  of  the 
curve  approximates  that  for  the 
South  China  Sea. 


Figure  25. --Yellowfin  fishing  conditions  by  months, 

Palau  waters  (7     to  8°  N. ,    133°  to  135°  E 
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Figure  26.  --Yellowfin  tuna  fishing  conditions  by 
months.    South  China  Sea 


Figure  28  shows  the 
monthly  fishing  conditions  for 
yellowfin  in  the  area  from  the 
MariaJias  Islands  to  the  south- 
ern part  of  the  Ogasawara  archipelago. 
Data  are  lacking  for  the  month  of 
October. 

As  the  figure  shows,   the 
maximum  catch  rate  of  the  year  for  this 
area  appears  in  December.     Fronn  Janu- 
ary through  February  the  catch  rate  drops 
off  sharply,   with  a  low  point  in  the  latter 
month.     In  March  and  April  it  shows  a 
tendency  to  rise  somewhat,    and  in  May  a 
rather  conspicuous  secondary  peak  ap- 
pears.    Thereaifter  the  catch  rate  again 
declines  and  reaches  the  low  point  of  the 
year  in  July.     As  we  have  no  data  for 
October,   it  is  not  known  whether  a  peak 
would  appear  in  that  month  as  it  did  in  the 
various  other  sea  areas.     Comparing  this 
figure  with  the  curves  for  the  various 
other  sea  areas  already  described,  we 
find  thenn  completely  alike  in  respect  to 
the  peak  appejiring  in  May.     From  the 
trend  of  the  curve,    it  is  difficult  to  think 
that  a  peak  would  appejir  in  October,    and 
in  this  respect  the  curve  differs  from 
those  for  other  areas.     Except  for  the 
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Figure  27.  --Yellowfin  fishing  conditions  by 
months  (25°  to  30°  N.  ,    130° 
to  140°  E.) 
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Figure  28. --Yeliowfin  fishing  conciitiona  by 
months  (19°  to  24°  N.  ,  140°  to 
155°  E.) 


situation  existing  in  October,   the  form  of 
this   curve  tencis  to  coincide  with  that  for 
Palau  waters.     It  also  shows  a  tendency  to 
agree  quite  well  with  the  nnonthly  fishing 
conditions  for  bigeye  tuna  described  above. 

Figure  29  shows  the  monthly 
fishing  conditions  for  yellowfin  tuna  in  the 
area  east  of  the  Ogasawara  Islands  and 
connecting  with  the  northern  part  of  the  area 
treated  in  the  preceding  figure.     This  figure 
shows  the  maxinnum  catch  rate  in  this  area 
to  occur  in  July  with  the  secondary  peak  in 
Novennber.     The  low  points  in  the  curve  ap- 
pear in  Januajy  and  October,   with  the 
January  minimum  being  the  lowest. 

If  this  is  compared  with  the 
preceding  figure,   the  conspicuous  peak  which 
appeared  in  May,   here  appears  in  July,    a 
difference  of  2  nnonths.      The  preceding  sea 
area  showed  a  peak  in  December,    but  in  this 
sea  area  it  appears   1  month  earlier  in 
November.      The  low  points  on  the  curve  oc- 
curred in  February  and  July  in  the  preceding 
area,    while  in  this  area  they  are  in  January 
and  October.      The  winter  low  is    1   month 
earlier  in  this  area,   while  the  summer  low 
is  about  3  months  later.     Although  there  are 
these  seasonal  differences  between 
the  two  areas,   the  forms  of  the 
curves  as  a  whole  are  in  agreement; 
and  they  appear  to  have  something 
in  common  with  the  curves  for  the 
bigeye  tuna  in  the  low  latitude  sea 
areas.     As  for  the  seasonail  lag 
between  the  two  areas,   it  may  be 
thought  that  there  is   a  lag  in  the 
time  of  the  north-south  migrations 
of  the  schools. 


It  is  impossible  to  reach 
amy  definite  decision  on  the  basis 
of  the  ajnount  of  data  available, 
however,    it  is  thought  that  a  differ- 
ence in  the  migrational  pattern  of 
yellowfin  tuna  to  the  east  and  west 
of  the  line  formed  by  the  Izu  Islands, 
the  Ogasawara  Islands,   the  Mariana 
Islands,   and  the  Carolines  can  be 
detected.     We  cannot  thoroughly 
examine  the  presence  or  absence 
of  such  a  difference  because  of  the 
scarcity  and  uneven  distribution  of 
the  data. 
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Figure  29.  --Yellowfin  tuna  fishin 
by  months  (24  to  30 
to   150°  E.) 
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As  we  proceed  farther 
north  the  yellowfin  catch  becomes 
extrennely  small  and  the  seasonal 
distribution  of  the  data  becomes 
extrenmely  uneven,    for  which  reason 
we  cannot  discuss  the  distribution 
of  the  fish  as  shown  by  the  catch 
rates.     It  appears,   however,   that 
the  highest  catch  rates  of  the  year 
occur  in  Septennber  and  October, 
with  only  one  peak  in  the  curve 
during  the  year.     This  trend  be- 
comes more  marked  the  farther 
north  we  go,    smd  a  tendency  can 
also  be  detected  for  the  peak  to 
appeair  earlier.     These  facts  are 
believed  to  indicate  that  we  have 
reached  or  are  approaching  the 
limits  of  migration  and  distribu- 
tion of  this  species. 


Conaparing  the  catch 
rate  curves  for  the  various  sea 
areas  described  above,   one  can 
see  considerable  regional  differ- 
ences in  the  seasons  at  which  the 
peaiks  and  low  points  appear.     There 
are  cases  like  that  of  the  area  east 
of  the  Ogasawara  Islands  and  the 
such  differences  can  be  thought  to  indicate  directly  the 
8,    but  it  is  difficult  to  grasp  the  direction  of  motion  of 


conditions 

N. .    140° 


A  peak  appears  in  May  through  the  whole  area  from  25     N. ,    south  to  the  Equator 
(the  situation  in  the  South  China  Sea  is  unknown  because  of  the  lack  of  data),    and  it  is  impossible 
to  detect  any  trend  which  would  indicate  local  movennents  of  the  schools  from  one  region  to 
another.     In  the  waters  to  the  west  of  the  Izu,    Ogasawara,    Mariana,    and  Caroline  archipelagoes 
a  conspicuous  peak  appears   everywhere  in  October.     In  addition  to  this  commonly-shjired  peak, 
each  area's  curve  shows   a  second  peak,    but  the  season  in  which  the  secondary  peaks  apjjeaj 
seems  to  vary  greatly  between  areas. 

In  the  case  of  the  bigeye  tuna  it  was  stated  that  some  agreement  in  the  trend  of  the 
curves  as  a  whole  could  be  detected,    even  though  there  were  seasonal  differences  in  the  position 
of  the  peaks  jind  low  points.     The  same  sort  of  relationship  can  be  detected  in  the  case  of  the 
yellowfin  tuna.     The  fact  that  the  trends  of  the  curves  show  resemblances  between  areas  not  only 
for  the  yellowfin  but  for  a  different  species,   the  bigeye  tuna,    should  have  an  extremely  important 
significance  in  studying  the  distribution  and  migration  of  these  fishes  and  the  presence  or  absence 
of  sub-species. 


It  has  already  been  mentioned  several  times  that  the  density  of  distribution  of  yellow- 
fin tuna  is  high  in  the  vicinity  of  the  Equator  and  drops  off  as  one  goes  into  the  high  latitudes. 
The  following  graph  shows  Ccitch  rates  for  yellowfin  in  blocks  of  10     of  longitude  ajid  2     of  latitude 
E.    longitude.     Material  from  the  Sulu  Sea,    the  Celebes  Sea,  and  the  South 


between  120     and  160 


China  Sea,   where  environmental  conditions  are  different,   has  been  left  out  of  the  data  for  the 

o  o 

area  between  120     and  130     E.   longitude. 
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A«  the  figure  shows,   the  catch  rates  are  highest  near  the  Equator,    falling 


off 


-._    .„^ o . ---o ^ O -1 >     — o    — 

sharply  to  the  north,   with  the  low  point  in  the  vicinity  of  12     to  14     N.     North  of  this  latitude, 
the  curve  slowly  rises  again  and  there  is  a  blunt  peak  in  the  vicinity  of   18     to  20     N.     North  of 
this  latitude,   the  curve  again  drops  off  steeply  ajid  from  30     N.   latitude  on  to  the  northward  the 
catch  rate  is  practically  zero,    indicating  only  a  vestigial  occurrence  of  the  species. 

Thus  the  various  curves  taken  together  show  a  general  trend,    but  there  axe  regional 
differences  of  some  extent  in  the  position  of  the  peciks  and  low  points  and  also  in  their  magnitudes. 
There  are  also  cases  like  that  of  the  area  between  120     and  130     E.   longitude  where  the  inclina- 
tion of  the  curve  is   conspicuously  gentler  than  In  other  regions. 
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Figure  30.  --Fishing  conditions  at  different  latitudes 
(yellowfin  tuna) 

As  has  already  been  stated,   seasonal  changes  are  apparent  in  the  density  of 
occurrence  of  the  yellowfin.     The  data  used  in  this  figure  are  not  ecjually  representative  of  all 
seasons  in  all  regions  but  show  a  marked  tendency  toward  an  uneven  distribution.     As  the  curve 
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in  this  figure  is  a  summarization  of  past  data,   with  absolutely  no  account  taken  of  secisons,   there 
is  naturally  a  need  for  correction  based  on  a  consideration  of  the  data  by  seasons.     Such  a 
correction  would  probably  change  to  some  extent  the  magnitude  and  positions  of  the  peaks  on  the 
curve  amd  the  differences  in  their  slopes,    but  it  Ccin  hairdly  be  thought  that  it  would  give  rise  to 
conspicuous  changes  in  the  generad.  trend  of  the  curves.     Therefore,     this  figure  can  probably  be 
regarded  as  showing  in  general  outline  the  distributional  pattern  of  the  yellowfin  tuna  in  the 
northwestern  Pacific  Ocean  aM  it  relates  to  latitude.     Because  of  the  lack  of  fish  measurements 
and  other  data,   it  is  impossible  to  come  to  any  decision  at  present  concerning  the  relationships 
between  the  schools  which  make  up  the  peak  of  the  catch  rate,   that  is  of  the  density  of  distribution 
in  the  area  centered  around  20     N.   latitude  and  the  schools  which  make  up  the  peak  in  the  low 
latitude  area  centered  around  the  Equator.     Thus  we  cannot  in  the  absence  of  further  study  come 
to  any  conclusions  concerning  such  important  questions  as  whether  or  not  these  schools  belong  to 
different  stocks,   whether  they  belong  to  the  same  stock  but  represent  different  age  compositions, 
or  whether  fish  of  exactly  the  same  stock  have,   because  of  oceanographic  conditions  or  their 
relationships  with  other  aquatic  life,    formed  two  centers  of  distribution  where  the  density  of 
occurrence  is  high  in  comparison  with  the  surrounding  waters.     However,    the  phenomena  of  a 
generally  improving  catch  rate  throughout  the  area  south  of  25     N.   in  May  and  a  sinnilar  sinnulta- 
neous  rise  in  the  catch  rates  in  the  area  west  of  140     E.   longitude  in  October  are  considered  to  be 
data  which  tend  to  deny  the  validity  of  the  idea  that  there  are  a  large  number  of  stocks  in  the 
western  Pacific  region. 

E.     Spearfishes 


Chart  V  shows  the  distribution  of  spearfish  catch  rates  throughout  the  year, 
chart  all  of  the  spearfishes  are  lumped  together. 


In  the 


If  we  look  at  the  areas  on  the  chart  where  the  catch  rates  jire  over   1.0,   we  see  that 
they  include  almost  all  of  the  Celebes  Sea,   the  coastal  waters  on  the  east  side  of  the  Philippine 

jmd  the  waters 


o  o 

Islands,    Formosa  and  Okinawa,    the  vicinity  of  7     to   10     N 


140°  to  150°  E. 


around  the  Izu,    Ogasawara,    and  Mariana  islands.     Catch  rates  are  also  over  1.0  in  the  areas 

centered  around  35     to  40     N. ,    150      to  160     E.     Other  sea  areas  where  the  catch  rates  are  high 

o  o  o 

are  in  the  Kinan  sea  area  and  in  the  vicinity  of  29     to  39     N,   at  100     E.     Other  fishing  grounds 

with  comparatively  high  catch  rates  can  be  recognized  south  of  10     N.   in  the  vicinity  of  155     to 

160     E.     There  are  almost  no  data  worth  considering  from  the  operations  of  research  vessels, 

but  judging  by  the  reports  of  commercial  vessels  the  Marshall  Islands  region  also  appears  to  be 

a  superior  fishing  ground  for  spearfishes.     From  the  foregoing  it  is  seen  that,   with  the  exception 

of  the  broadbill  swordfish,   the  good  fishing  grounds  for  other  spearfish  species  are  in  waters 

comparatively  close  to  islands  or  the  continental  shelf. 

As  for  the  catch  by  species,   there  are  many  cjises  in  which  it  is  impossible  to  tell 
because  of  deficiencies  in  the  data,   but  in  general  it  may  be  said  that  the  waters  adjacent  to 
Fornnosa  have  an  abundance  of  white  marlin  that  is  unparalleled  elsewhere.     Sailfish  are  adso 
extremely  abundant.     The  proportions  of  spearfish  species  in  the  catch  are  shown  in  the  following 
table. 

Table  114. --Catch  by  species  in  Formosa  (Takao  and 
Suo  fish  markets,    1943) 


Place 

Total  number 
of  fish 

White 
marlin 

Black 
marlin 

Striped 
mjirlin 

Sailfish 

Takao 

16,461 

2,542 

5,  373 

645 

7,901 

Su5 

6,944 

4,448 

161 

742 

1,593 

Total 

23,405 

6,990 

5,534 

1,387 

9,494 

155 


As  the  table  shows,   the  composition  of  the  catches  at  Suo  and  Takao  are  quite 
remarkably  different.     In  the  total  for  both  ports  sailfiah  were  most  abundant,   making  up  slightly 
over  40  percent  of  the  total  catch,    while  white  marlin  were  slightly  under  30  percent,    black 
marlin  slightly  under  24  percent,    and  striped  marlin  slightly  under  6  percent  of  the  whole. 

In  the  various  sea  areas  toward  the  center  of  the  Pacific  the  proportion  of  white 
msurlin  is  very  small  and  that  of  black  marlin  and  striped  marlin  is  higher.     It  is  believed  that 
this  shows  that  the  center  of  the  distribution  of  white  marlin  is  in  the  extreme  western  Pacific 
and  in  the  adjacent  waters  of  the  South  China  Sea,    Sulu  Sea,    and  the  Celebes  Sea. 

Toward  the  center  of  the   Pacific  Oceaji  the  striped  marlin,     black    marlin,    and 
broadbill  swordfish  are  most  commonly  taken.      The  centers  of  the  distribution  of  these  species 
appear  to  be  determined  principally  by  latitude. 

o 

The  following  figure  shows  the  catch  rates  for  each  section  of  2     of  latitude  between 

140°  and  150°  E. 
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Figure  31 . --Distribution  of  spearfish  catch  rates  by 
latitude  (0°  to  40     N.  ,    140°  to  1  50°  E.  ) 

As  the  figure  shows,   for  the  spearfishes  as  a  whole  the  peaks  on  the  catch  rate  curve 
appear  at  4     to  6     N. ,    14     to  16     N.  ,    24     to  26     N.  ,    and  32     to  36     N. ,    or  at  about  every   10     of 
latitude.     There  is  another  fairly  conspicuous  peak  at  37     to  40     N.  ,      but  all  of  these  more  north- 
erly peaks  are  composed  of  broadbill  swordfish  so  it  is  doubtful  whether  they  represent  separate 
peaks  or  not. 
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o  o 

20     to  22     N. 


o  o 

30     to  32     N. 


o  o 

The  low  points  on  tlie  curve  appear  at   1 0     to  1 2     N.  , 

and  40     to  42     N.  ,    being  separated  by  about   10     of  latitude  just  as  were  the  peaks.     Among  these 
various  low  points,    it  is  doubtful  whether  the  one  at   10     to  12     N.   is  really  as  pronounced  as  it 
appears  on  the  figure  because  there  are  very  few  data  for  this  area.     It  is  also  thought  worthy 
of  note  that  the  position  of  this  low  coincides  perfectly  with  that  on  the  yellowfin  curve. 

The  peak  on  this  curve  which  appears  at  4     to  6     N.   is  almost  entirely  composed  of 
black  marlin,   while  that  which  appears  at   14     to   16     N.   is  composed  of  black  marlin  and  striped 
marlin.      The  peak  appearing  at  24     to  28     N.    is  composed  almost  exclusively  of  striped  marlin 
while  the  peaks  north  of  30     N.    are  formed  for  the  most  part  of  broadbill  swordfish.     Conse- 
quently,  to  state  it  very  broadly,   we  can  recognize  a  successive  distribution  from  south  to  north 
of  black  marlin,    striped  marlin,    and  broadbill  swordfish.     In  the  following  figures  the  variations 
in  fishing  conditions  from  month  to  month  are  shown  for  each  sea  area,    just  as  was  done  in  the 
case  of  yellowfin  and  bigeye  tuna. 


First  of  all,    figure  32  shows  the  situation  in  the  vicinity  of  the  Equator  from  0  to  5 
0°  to  160°  E. 


and  from  150°  to  160     E. 
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Figure  32.  --Spearfish  fishing  conditions  by 
months  (0°  to  5°  N.  ,      150°  to 
160°  E.) 


The  increases  Jind  decrecises 
in  the  catch  rates  are  not  very  conspic- 
uous,  but  in  the  catch  rate  for  the  spear- 
fishes  as  a  whole  the  peaks  appear  in 
February,   August,    and  November.     The 
catch  is  almost  entirely  made  up  of 
black  marlin,    with  sailfish  next  in 
abundance  and  striped  nnarlin  extremely 
scarce.     There  are  no  data  for  June,   but 
the  sailfish  appear  to  increase  some- 
what around  August  and  September. 
Striped  marlin  become  somewhat  more 
numerous  in  January  and  October. 

Figure  33  shows  the  fishing 
conditions  in  the  waters  around  Palau. 

As  the  figure  shows,   the 
peaks  on  the  curve  are  in  April, 
October,    and  December- January.     The 
catch  of  each  species  is  not  known  so 
we  cannot  show  what  these  peaks  are 
composed  of,   but  from  the  form  of  the 
curve,    it  is  difficult  to  conclude  that 
they  are  all  the  same  species.     Com- 
pared with  the  preceding  figure,   the 
positions  of  the  peaks  and  lows  on  the 
curve  are  quite  conspicuously  different. 


o  o 

Figure  34  gives  the  fishing  conditions  from   19     to  24     N.  , 


140°  to  155°  E., 


i.  e.  ,   to 


the  east  of  the  area  between  the  northern  Marianas  and  the  southern  Volcajio  Islands. 


For  the  total  catch,   the  peaks  on  the  curve  appear  in  Jjinuary,    March,    May,    and 
August.     They  have  been  onnitted  from  the  figure,    but  from  December  to  February  broadbill 
swordfish  increase  somewhat  in  abundance.     Striped    marlin  increase  gradually  from  November 
on  and  form  a  rather  conspicuous  peak  in  March.     In  April  they  decline  quite  rapidly,   but  increase 
again  sharply  in  May  to  attain  their  maxinnunn  catch  rates  of  the  year.     From  June  on  they  drop 
off  steeply  and  reach  their  low  of  the    year  in  August. 
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Figure  33.  --Spearfish  fishing  conditiona  by 
months,  Palau  waters  (7  to  8 
133°  to  135°  E.) 


The  black  marlin  catch 
rates  do  not  change  much  from  Jsmuary 
to  May.     From  June  to  August  they  in- 
crease graducdly  and  attain  their  peak 
for  the  year  in  the  latter  month.     In 
September  they  drop  off  sheU'ply,   and 
cilthough  there  aire  no  data  for  October, 
the  low  of  the  year  appears  to  be 
reached  about  December.     The  area 
within  which  the  black  nnarlin  has  quite 
aji  important  significance  as  an  element 
in  the  longline  catch  extends  generally 
to  the  vicinity  of  25     N.     Above  this 
latitude  there  appear  to  be  no  fishing 
grounds  on  which  the  catch  rate  for  this 
species  gets  above  1.0. 

Because  of  the  lack  of  data 
we  cannot  make  any  comparison  between 
sea  areas  at  the  same  latitudes,   but 
the  chcinges  in  fishing  conditions  for 
black  marlin  and  striped  marlin  by 
months  at  Takao  in  Formosa  are  shown 
in  the  following  tables. 


N., 


The  areas  fished  by  boats 
based  at  Takao  are  at  approximately  the 
same  latitude  or  somewhat  to  the  south  of  the  area  covered  by  the    preceding  figure,    and  during 
the  winter  the  South  China  Sea  is  the  principal  fishing  ground.     Because  the  number  of  vessels  in 

operation  is  not  known,   it  is  not  clear 
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Figure  34, 


-Spearfish  fishing  conditions  by 
months  (19°  to  24°  N. ,  140°  to 
155°  E.j 


what  the  fishing  effort  was.     Conse- 
quently the  comparison  of  the  number  of 
fish  landed  in  each  month  as  shown  in 
table   115  and  1  16  does  not  have  the  same 
significance  as  the  increases  and  de- 
creases shown  in  the  preceding  figure 
of  the  catch  rate  curves.     For  example, 
although  the  minimum  number  of  fish 
caught  appears  in  September,   it  is  not 
known  wh&ther  the  number  of  vessels 
operating  wa^  the  same  as  in  the  other 
months  and  the  catch  wai  actually  down, 
or  whether  the  number  of  fish  taken  de- 
creased because  of  a  decrease  in  the 
nunnber  of  vessels  operating. 

Such  factors  nnust  be  taken 
into  consideration,    but  it  appears  from 
table   1 15  that  at  Takao  the  catch  of 
black  marlin  was  at  its  peak  in  July  and 
at  its  lowest  in  September.     The  second 
peak  appeaurs  in  November  and  a  second 
low  around  March.     There  appears  to 
be  a  third  peak  in  May,   but  it  is  not 
very  clear. 
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For  comparison,    in  the  waters  south  of  the  Ogasawara  Islands  the  highest  catch  rate 
appeared  in  August,    1  month  later  than  at  Takao.     However,    it  is  probably  safe  to  consider  that 
in  the  sea  area  centered  around  20     N.   the  density  of  distribution  of  black  marlin  reaches  its 
height  around  July  and  August. 

Records  of  the  weight  of  the  fish  taken  are  lacking  for  other  sea  areas  so  we  do  not 
know  the  body  weight  composition  of  the  catch,    but  at  Teikao  there  was  a  conspicuous  difference 
in  the  weight  composition  as  between  the  fish  tjiken  in  the  summer  and  those  taken  in  the  winter. 
Fish  caught  in  the  sumnner  were  generally  small,    with  the  mode  appearing  at  40  to  50  kilograms 
while  in  November-December  it  appeared  at  60  to  70  kilograms  and  in  January  at  80  to  90  kilo- 
grams.    The  weight  composition  of  the  fish  taken  from  March  to  September  showed  two  nnodes, 
one  at  40  to  60  kilograms  and  one  at  100  to  140  kilograms,    (see  Nakamura,    Journal  of  the 
Formosan  Natural  History  Society,   Vol.    34). 

Table   116  shows  fishing  conditions  at  Takao  by  months  for  striped  marlin.     The  data 
are  from  the  same  source  as  those  in  table   115. 

The  number  of  fish  taken  was  not  very  great,     but  the  largest  number  appeared  in 
May  with  the  low  of  the  year  in  September  and  a  second  peak  appearing  in  December.     This  may 
be  compared  with  the  area  south  of  the  Ogasawara  Islands,   where  the  peak  catch  rate  appeared 
in  May.     Thus,    although  there  are  points  of  disagreement  between  the  rises  and  falls  in  the 
catch  rate  and  the  increase  and  decrease  in  the  number  of  fish  landed  in  each  nnonth  at  Takao,    the 
peak  months  are  the  same  in  both  cases  and  we  can  probably  consider  that,    just  as  in  the  case  of 
the  black  marlin,   dense  schools  appear  at  the  same  season  on  approximately  the  same  latitudes 
without  regard  to  longitude, 

o  o 

In  the  following  figures  the  adjacent  area  on  the  north  between  25     and  30     N.   has  been 

divided  into  three  sections  of  140°  to  150     E.  ,    130°  to  140°  E. ,    120°  to  130°  E.    and  the  fishing 
conditions  by  months  have  been  shown  for  each  of  the  sections. 

o  o  o 

As  the  figure  shows  black  marlin  are  scarce  in  the  area  of  25     to  30     N.  ,    140     to 

150     E.,   but  they  are  somewhat  nnore  abundant  from  April  to  August.     There  is  an  extremely 

conspicuous  peak  in  the  striped  marlin  catch  rate  in  May  with  a  value  of  slightly  less  than  4.  0. 

Thereafter  the  catch  rate  falls  off  steeply  and  from  August  to  October  hardly  any  fish  are  taken. 

In  November  there  is  again  a  fairly  conspicuous  peak.     For  all  the  spearfishes  as  a  whole  there  is 

a  third  peak  in  February,   but  this  is  formed  principadly  of  broadbill. 

Comparing  this  with  the  area  south  of  the  Ogasawajras,  which  adjoins  this  area  on  the 
south  (fig.  34),  there  is  a  peak  in  Mcirch  which  does  not  appear  in  this  sea  area  but  otherwise 
although  there  are  differences  in  the  numericed  values  for  the  catch  rates,  there  is  good  agree- 
ment in  the  trend  of  increase  and  decrease  in  the  striped  nnarlin  catch  rates  and  we  see  no  such 
conspicuous  seasonal  lag  as  was  found  in  the  case  of  the  yellowfin.  The  black  marlin  catch  rate 
curve  in  this  sea  area  is  quite  irregular,  and  its  agreement  with  the  curve  for  the  area  south  of 
the  Ogasawaras  is  not  as  striking  as  it  was  in  case  of  the  striped  marlin. 

o  o  o  o 

Fishing  conditions  in  the  Nankai  sea  area,    25     to  30     N.  ,    130     to   140     E.  ,    are  shown 

in  figure  36.     A  thorough  comparison  is  innpossible  because  of  deficiencies  in  the  data,    but  the 

black  nnarlin  catch  rate  curve  appears  to  be  quite  conspicuously  different  from  those  for  the  sea 

area  east  of  the  Izu  and  Ogasawara  islands.     In  this  region  there  is  a  fairly  high  catch  rate  in 

January,   decreasing  thereafter  gradually  to  Mairch  and  with  almost  no  catch  in  April,   followed  by 

a  second  increase  forming  a  rather  conspicuous  peak  in  June.     For  the  striped  marlin  there  is  a 

conspicuous  peak  in  May  and  a  fairly  high  catch  rate  in  June,    but  in  July  they  decrease  rapidly. 

The  peak  which  was  seen  in  the  area  east  of  the  Izu  cind  Ogasawara  Islands  in  November  does  not 

seem  to  appear  here.     In  the  Hyuga  Nada  region,    which  adjoins  this  sea  area  to  the  north,    striped 

marlin  are  abundant  around  April  to  June,    jind  quite  a  few  axe  taken  by  the  harpoon  fishery. 
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Shifting  farther  to  the  west- 
wcird,   fiahing  conditions  in  the  watera 
ciround  the  Ry-ukyu  Islands   are  shown  in 
figure  37.     As  the  figure  shows  the 
pattern  of  increase  smd  decrease  in 
black  marlin  catch  rates  more  closely 
resembles  that  of  the  sea  area  to  the 
east  of  the  Izu  and  Ogasawara  islands 
than  it  does  that  of  the  Nankai  sea  area, 
although  there  is  a  lag  of  about  1  month. 

The  striped  marlin  catch 
rate  rises  sharply  from  April  on  and 
reaches  its  high  of  the  year  in  July. 
After  August  it  drops  off  steeply  and 
fornna  a  low  in  October,    aiter  which  a 
fairly  conspicuous  peak  is  formed  in 
November.     This  pattern  resembles 
that  for  the  sea  area  east  of  the      Izu 
and  Ogctsawara  islands.     In  Decennber 
it  again  goes  down  emd  the  second  peak 
of  the  year  is  formed  in  Jsuiuary  and 
February.     In  the  area  east  of  the 
Ogasawara  lalands  a  peak  appears  for 
the  spearfishes  aa  a  whole  in  February, 
but  it  is  formed  by  broadbill  swordfish 
and  differs  entirely  in  character  from 
the  January-February  peak  in  this  sea 
area. 


MONTH 


As  was  stated  above,  the 
season  of  the  highest  catch  rates  in  this 
sea  area  is  about  Z  nnonths  later  than 
that  in  other  areas  in  the  same  latitude. 
Furthernnore,  the  period  during  which 
the  catch  rate  is  over  1.0  extends  about 
half  of  the  year  from  May  to  September, 
a  situation  which  differs  markedly  from  other  areas  of  the  same  latitude. 


Figure  35. --Spearfish  fishing  conditions  by 
months  (25°  to  30°  N. ,  140°  to 
150°  E.) 


The  form  of  the  striped  marlin  catch  rate  curve  described  above  very  closely  re- 
sembles the  increases    and  decreases  in  the  number  of  black  marlin  taken  each  month  in  Formosa 
(table   115).     As  was  stated  at  the  beginning  of  the  chapter,   until  recent  years  the  spearfishes 
were  not  thoroughly  classified  and  it  is  knowil  that  in  some  cases  both  the  black  marlin  and  the 
white  marlin  were  recorded  as  striped  marlin,    so  there  is  a    suspicion  that  this  may  be  such  a 
case  ajid  that  other  spearfishes  may  have  been  recorded  as  striped  maurlin.     In  recent  years, 
particularly,   boats  based  at  Kushikino  in  Kagoshima  have    been  taking  a  rather  Icirge  number  of 
black  marlin  around  July  to  September,    and  this  makes  the  suspicion  all  the  stronger.     At  any 
rate,   if  we  construct  a  curve  of  catch  rates  on  the  basis  of  data  from  past  surveys  we  get  the 
results  shown  in  the  foregoing  figure. 

According  to  what  has  been  said,   the  season  in  which  the  highest  catch  rates  appear 
in  the  vicinity  of  20     to  30     N.   is  everywhere  about  the  same,   although  there  are  differences 
between  areas  in  the  numerical  values  of  the  catch  rates.     This  is  believed  to  show  that  the 
movements  of  the  schools  have  no  important  relationship  to  longitude  but  that  they  move  rapidly 
and  simultaneously,    chiefly  in  a  north-south  direction.     In  other  words,    this  indicates  the  diffi- 
culty of  postulating  the  existence  of  definite  paiths  of  migration.     It  appears  that  only  the  waters 
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around  the  Oklnawan  archipelago  differ 
somewhat  In  the  character  of  the 
schools  and  of  the  fishing  grounds,   but 
the  discussion  of  these  relationships 
must  wait  upon  more  thorough  research- 
es to  be  cairried  out  in  the  future. 

North  of  30°  N.   latitude  the 
catch  of  striped  marlln  drops  off  shar ply- 
but  off  northeastern  Japein  they  are 
rather  numerous  from  July  to  Septem- 
ber and,    as  figure  31  shows,   there  is  a 
blunt  peak  in  the  catch  rate  curve  in  the 
vicinity  of  36°  to  38     N. 


8     9    10     II     12 


As  was  shown  in  figure   31, 
the  catch  rates  for  broadbill  gradually 
increase  beginning  at  about  20     N. , 
and  around  30     N.  they  make  up  more 
than  half  of  the  spearfish  catch.     As 
wax  stated  in  the  chapter  on  fishing 
grounds,   the  areas  of  high  density  of 
occurrence  are  generally  west  of  160 
E.   and  they  decrease  in  abundance  east 
of  this  longitude.     The  center  of  the 
fishing  grounds  is  approximately  at  the 
same  location  as  the  central  fishing 
grounds  shown  in  the  case  of  the  alba- 
core,    and  the  movements  of  the  fishing 
with  the  seasons  generally  resemble 
those  of  the  albacore.     The  most  important  fishing  season  is  almost  entirely  limited  to  the 
winter  hall  of  the  year.     Charts  VI,   f_to  k  show  the  movements  of  these  fishing  grounds  from 
October  to  March. 


Figure  36.  — Spearfish  fishing  conditions  by 
months  (25°  to  30°  N. ,  130°  to 
140°  E.) 


In  the  chart  for  October  (f)  the  areas  of  fishing  grounds  of  dense  occurrence  appear 
at  40     to  42     N. ,    149     to  154     E. ,    although  a  thoroughgoing  comparison  is  impossible  because  of 
the  lack  of  data  around  the  peripheral  areas.     Some  areas  of  fairly  high  catch  rates  are  also  seen 
to  the  southeastward  in  the  vicinity  of  36     to  39     N. ,    155     to  156     E.     Elsewhere  there  are 
scattered  areas  of  fairly  high  catch  rates  off  Iwate  Prefecture,   in  the  southern  Izu  Islands,   south- 
east of  Amami  Oshima,    and  east  of  Formosa, 

In  the  chart  for  November  (g)  the  fishing  grounds  have  become  conspicuously  extended, 
and  catch  rates  of  more  than  0.5  are  indicated  for  the  area  from  41     to  31     N. ,    144     to  156     E. 
Comparing  this  with  the  situation  in  October,   the  grounds  of  dense  concentration  have  extended  to 
the  west  and  south.     There  are  no  data  for  the  waters  around  the  Izu  Islands,    so  no  comparison 
can  be  made  with  October.     In  the  Okinawa  region  the  areas  of  high  catch  rates  have  shifted  to  the 
southwestward  and  appear  off  to  the  east  and  south  of  the  main  island  of  Okinawa.     The  fishing 
grounds  to  the  east  of  Formosa  appear  at  the  same  positions  as  in  October,   but  the  catch  rates 
appear  to  have  improved  somewhat.     Compared  with  the  chart  of  the  distribution  of  albacore 
catch  rates  for  November,   the  broadbill  are  shown  to  be  abundant  somewhat  more  to  the  north 
and  east. 

In  the  chart  for  December  (h)  the  center  of  distribution  is  farther  south  than  in 
November  in  the  vicinity  of  55     N.   amd  areas  with  catch  rates  of  over   1.  0  are  recorded  from  the 
range  of  35     to  40     N. ,    150     to  152     E.     Compared  with  November,  the  fishing  grounds  are  ex- 
tended a  good  deal  to  the  southwest  and  areas  with  rather  high  catch  rates  appear  from  off  BSsO 
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to  the  waters  around  the  Izu 
lalanda.     Farther  to  the  west 
there  are  fishing  grounds  with 
catch  rates  of  over   1.0  about 
300  miles  south  of  Ashizuri 
Misaki  and  northwest  of  the  main 
islajid  of  Okinawa,    while  fishing 
is  quite  active  all  over  the  sea 
area  between  them  from  Z7     to 
28°  N.,    128°  to   133°  E.     Fish- 
ing is  poor  in  the  waters  east 
of  Formosa. 

Compao'ed  with  the 
albacore  grounds  centered 
around   150     E.    in  Decennber, 
there  is  generad  agreenaent  but 
the  western  tip  of  the  broadbill 
grounds  extends  farther  west 
than  do  the  albacore  grounds. 
At  this  season  dense  schools 
of  albacore  believed  to  be  of  a 
different  stock  appear  south  of 
Shionomisaki,    but  there  are  no 
broadbill  there,    although  as  pre- 
viously stated  fishing  grounds 
with  dense  concentrations  appear 
in  the  waters  around  Okinawa. 

In  the  chart  for 

January  (i)   the  fishing  grounds 

have  moved  farther  south  and 

o 
are  centered  along  151     E. ,   with 

the  heart  of  the  fishing  grounds 
in  the  area  of  32°  to  38     N.     The 
schools  in  the  waters  around  the 
Izu  Islands  are  separated  from 
those  which  are  broadly  distribu- 
ted to  the  eastward,    and  there 

o  o 

appears  to  be  a  densely  concentrated  group  of  fish  in  the  comparatively  narrow  area  at  30     to  34 

N. ,    134     to  137     E.     Outstanding  fishing  grounds  have  disappeared  from  west  of  the  Izu  Islands, 
with  the  sole  exception  of  some  aireas  with  rather  high  catch  rates  around  the  Miyako  archipelago. 
Area^  with  catch  rates  of   over   1.0  are  to  be  seen  in  the  vicinity  of  29     to  50     N. ,    161     to  162     E. , 
but  there  are  few  data  from  that  region  so  it  is  difficult  to  determine  whether  these  are  merely 
fortuitous  or  actually  good  fishing  grounds. 

At  the  same  season  the  center  of  distribution  for  albacore  is,   with  the  exception  of 
the  central  part  of  the  Pacific,    at  29°  to  33°  N. ,    143°  to  148°  E.       Consequently  it  can  be  seen 
that  the  center  of  distribution  of  the  albacore  is  somewhat  more  to  the  south  and  west,   however, 
the  albacore  catch  rates  in  the  waters  around  the  Izu  Islands  are  not  very  high.     The  albacore 
grounds  in  the  Kinan  sea  area  are  greatly  extended  as  compared  with  December. 

In  the  chart  for  February  (J)   the  center  of  the  fishing  grounds  has  shifted  even  farther 
to  the  southwest  to  the  waters  east  of  the  line  of  the  Izu  and  Ogasawara  islands  in  the  vicinity  of 
27°  to  32°  N. ,    140°  to  145°  E.     The  grounds  of  particularly  high  catch  rates  are  in  waters  close 
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Figure  37. — Spearfish  fishing  conditions  by 
months  (25°  to  30°  N, ,  120°  to 
130°  E. ) 
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to  the  line  of  iglanda.     There  are  no  fiahing  ground*  with  high  catch  rates  farther  to  the  westward 
in  the  Satsunan  region  except  for  a  few  areas  of  rather  high  catch  rates  east  of  Amami  Oahima. 
The    grounds  east  of  Formosa,   which  had  disappeared  since  December,   come  back  with  some 
catch  rates  of  over  0.  5. 

o  o 

The  center  of  albacore  distribution  in  February  is  1  or  2  east  of  that  of  the  broad- 
bill,  but  the  pattern  of  distribution  is  very  similar.  The  albacore  grounds  in  the  Kinan  sea  area 
are  nnore  extensive  than  in  January  and  the  fishing  appears  to  be  better. 

In  the  chart  for  March  (k)  the  center  of  distribution  has  moved  somewhat  north  of  its 
position  in  February  and  is  within  the  range  of  30     to  34     N. ,    140     to  147     E.     To  the  southeast^ 
and  separate  from  this  center  there  is  an  area  of  high  density  of  occurrence  in  the  vicinity  of  30 
N.    152     E.     It  is  impossible  to  determine  whether  these  two  areas  are  connected  or  whether  they 
are  completely  separate  because  of  the  paucity  of  data.     In  the  waters  west  of  the  Izu  Islands, 
including  those  around  the  Ryukyus  and  Formosa,   no  areas  of  high  catch  rates  are  to  be  seen  at 
all. 

The  center  of  distribution  of  albacore  in  March  appears  to  be  somewhat  to  the  south 
of  that  of  the  broadbill,    and  in  general  the  density  of  occurrence  appears  to  have  decreased.     The 
albacore  grounds  in  the  Kinan  sea  area  have  moved  somewhat  to  the  south. 

From  the  foregoing,   it  appears  that  the  center  of  distribution  of  the  broadbill,   in  a 

very  general  view,   is  in  the  vicinity  of  140     to  155     E.  ,,  and  that  the  schools  which  in  October  are 

in  the  vicinity  of  42     N.   gradually  move  south  with  the  passage  of  time.     This  southward  movement 

is  accompanied  by  an  extension  of  the  fishing  grounds  to  the  east  and  west,    and  it  appears  that 

from  January  on  part  of  the  schools  remain  in  the  waters  east  of  the  Izu  and  Ogasawara  islands. 

It  is  unknown  whether  or  not  they  cross  to  the  westward  of  this  line  of  islands,    but  judging  from 

o 
the  distribution  of  catch  rates  it  appears  that  they  do  not  and  the  vicinity  of  140     E.   is  considered 

the  apparent  boundary  of  their  distribution  and  migrations.     As  has  already  been  stated,   at  some 

seasons  areas  of  a  fairly  dense  distribution  appear  in  the  waters  around  Formosa  and  the  Ryukyu 

Islands,   but  the  relationships  between  the  schools  appearing  in  this  region  and  those  which  occur 

to  the  east  of  the  line  of  the  Izu  and  Ogasawara  archipelagoes  are  completely  unknown  at  present. 

Broadbill  do  appear  in  the  tropical  sea  area*  to  the  south  of  the  sub  tropical  line  of 
convergence,   but  there  are  no  fishing  grounds  on  which  concentrated  catches  of  this  species  are 
made.     However,  there  are  many  imnnature  fish  in  this  region  and  larval  and  juvenile  forms 
appear  to  occur  there,   in  many  cases  forming  part  of  the  food  of  other  tunas  Eind  spearfishes. 
This  phenomenon  is  not  as  yet  well  understood,   but  it  probably  gives  an  important  clue  to  the 
area  of  reproduction  of  the  broadbill  and  should  be  given  serious  consideration  from  the  point  of 
view  of  ecology  and  population  studies.     In  any  case,   it  is  worthy  of  careful  note  that  the  fishing 
grounds  of  the  broadbill  swordfish  appear  to  be  limited  on  the  south  by  the  subtropical  convergence 
on  the  west  by  the  line  of  the  Izu  and  Ogasawara  archipelagoes,    and  on  the  east  by  approximately 
160°  E. 

In  the  foregoing  we  have  attempted  to  consider  the  patterns  of  distribution  and 
migration  of  each  species  based  on  the  catch  rates,    and  on  this  basis  there  appear  to  be  for  each 
species  two  types  of  patterns,     the  boundaries  between  which  appear  to  be  geographically  the 
subtropical  convergence,   the  area  of  contact  of  the  Equatorial    Countercurrent  and  the  North 
Equatorial  Current,   and  the  line  of  the  Izu  and  Ogasawara  archipelagoes. 

One  of  these  two  types  of  patterns  is  represented  by  the  striped  marlin,   which  extend 
over  the  whole  area  in  the  vicinity  of  20     to  30     N. ,   and  the  black  tuna,   which  occur  fronn  the 
vicinity  of  Luzon  to  the  area  of  the  Kuroshio,     In  this  type  dense  schools  appear  over  a  broad 
expanse  of  ocean  in  an  extremely  short  period  of  time  and  then  after  a  very  short  time  disappear 
agsiin,    BO  that  it  is  extraordinarily  difficult  to  follow  the  paths  of  their  migrations.     For  instance, 
the  catch  rate  curves  for  striped  marlin  all  show  the  highest  peak  of  the  year  in  May  in  the 
waters  of  the  Marianas  in  the  vicinity  of  20     N. ,   in  Formosan  waters,   in  the  waters  of  the  Izu 
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Islands  axound  30     N. ,   in  the  Kinan  sea  area,    and  farther  north  in  the  Hyuga  Nada.    Because  they 
make  their  appearance  within  a  short  time  and  then  move  away  somewhere  within  a  short  time, 
the  peak  in  the  catch  rate  at  this  season  is  extraordinarily  sharp. 

In  the  second  type  of  pattern  the  schools  gradually  become  more  concentrated  in  a 
connparatively  limited  area  and  the  schools  so  formed  move  andniigrate  comparatively  slowly. 
Examples  of  this  type  are  the  spearfishes  which  appear  around  Formosa  in  the  winter,   the  black 
tuna  around  Tanegashima,   the  albacore  of  the  Kinam  sea  area,   the  broadbill  of  the  northeastern 
sea  area,    and  the  albacore  of  the  central  North  Pacific.     In  this  type  the  center  of  the  fishing 
grounds  does  not  n-iake  any  very  violent  shifts,   and  the  catch  rates   gradually  increase  with  the 
passage  of  time  £ind  then  gradually  decline.     Consequently  in  this  type  it  seems   as  if  the   schools 
congregate  successively  in  one  sea  area  after  another,   and  the  center  of  the  grounds  moves 
comparatively  slowly  with  the  passage  of  time.     As  a  result,   it  is  easier  to  follow  the  paths  of 
migration  of  the  schools  in  this  cas^  than  in  the  former  type,    and  the  slopes  of  the  seasonal 
catch  rate  curves  in  a  given  area  are  connparatively  gentle. 

It  is  impossible  at  present  to  give  a  full  explanation  of  the  relationships  between  the 
ecological  significance  of  these  two  types  and  oceanographic  conditions,   however,   on  the  basis  of 
what  data  we  have  it  appears  that  the  former  is  related  to  spawning  while  the  latter  is  more  deep- 
ly related  to  food  hunting.     Accordingly,    the  former  is  to  be  thought  of  as  the  spawning  season 
type  of  migration  jind  the  latter  as  the  food-seeking  type  of  nnigration.     However,    in  many  cases 
it  is  difficult  to  draw  the  line  clearly  between  these  two  types   and  opinions  will  differ  on  where  to 
establish  the  criterion.     Furthermore,    more  data  are  necesseiry  in  order  to  establish  clearly 
whether  or  not  these  two  types   actually  exist,    and  it  goes  without  saying  that  we  can  arrive  at  no 
conclusion  without  further  research. 

Thus  we  can  under  the  present  conditions  do  nothing  concrete  about  the  biological  and 
oceanographical  essentials   and  their  theoretical  analysis,    but  from  the  point  of  view  of  the  com- 
mercial fishery  it  can  be  innagined  that  these  two  types  will  have  a  rather  important  significance. 
It  may  also  be  thought  that  they  would  be  highly  significant  from  the  point  of  view  of  population 
studies,    and  we  feel  keenly  the  necessity  for  tagging  studies  to  trace  the  paths  of  migration, 
morphometric  studies,    more  complete  fish  catch  statistics,    and  thorough  studies  of  the  spawning 
and  feeding  habits  of  the  fish. 

VU.     Conclusions 

1.  Data  from  past  surveys  covering  about  20  years  have  been  gathered  and  worked 
up.     There  are  omissions  because  of  the  author's  inability  to  obtain  Sonne  of  the  past  data. 

2.  An  attempt  has  been  made  on  the  basis  of  these  data  to  clarify  the  character  of 
the  tuna  longlining  grounds  of  the  eastern  Indian  Ocean  and  the  western  Pacific. 

3.  A  description  in  brief  has  been  given  of  the  existing  tuna  and  spearfish  fisheries 
and  a  discussion  has  been  made  of  the  character  of  the  tuna  fishery. 

4.  Tuna  grounds  hitherto  had  been  discussed  in  terms  of  total  catch  and  number  of 
vessels  operating,   but  this  method  leaves  the  relationship  between  fishing  effort  and  catch  un- 
clarified.     In  order  to  explain  this  relationship  the  number  of  hooks  has  been  tciken  as  the  unit  of 
fishing  effort.      The  number  of  fish  caught  per  hundred  hooks  has  been  called  the  catch  rate.     Con- 
sequently the  fishing  grounds  discussed  in  this  book  are'linnited  to  the  grounds  of  the  longline 
fishery. 

5.  Sea  areas  have  been  delimited  mainly  by  longitude  and  latitude  or  by  topography, 
the  seasonal  and    geographical    variations  in  fishing  conditions  have  been  recorded  in  terms  of 
catch  rates,    and  the  character  as  fishing  grounds  of  the  various  sea  areas  has  been  discussed. 
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6.  At  the  same  time  it  has  been  postulated  that  the  catch  rates  are  proportional  to 
the  density  of  distribution  of  these  fishes  and  the  distributions  and  migrations  of  the  fishes  have 
been  considered  on  this  basis. 

7.  In  this  manner  some  information  has  been  gained,    but  unfortunately,   because  of 
the  great  unevenness  in  the  seasonal  and  geographical  distribution  of  the  data,    it  has  been  im- 
possible to  arrive  at  as  satisfying  a  conclusion  as  was  hoped  for  at  first. 

8.  However,    in  some  sea  areas  data  are  fairly  abundant  and  it  can  be  thought  they 
will  have  some  value  and  significance  as  basic  information  for  production  plans. 

9.  When  we  consider  the  distribution  and  migration  of  these  fishes  on  the  basis  of 
their  catch  rates,   the  ordinary  pattern  which  we  find  is  for  a  plot  of  the  curve  of  catch  rates  by 
months  in  a  given  sea  area  to  have  two  peaks  and  two  low  points  in  the  year,   one  pair  in  the 
summer  and  one  pair  in  the  winter.     The  catch  rates  go  from  their  maximum  to  their  minimum 
in  about  half  a  year.     Consequently  It  is  thought  that  there  is  a  1-year  cycle  in  the  movements  of 
the  schools. 

10.  As  was  just  stated,   two  peziks  in  the  catch  rates  in  I  year  can  be  detected,   but 
they  appear  to  differ  somewhat  in  character.     It  is  believed  that  usually  the  peak  which  appears 
in  the  summer  is  made  up  of  so-called  "ascending  fish"  and  that  appearing  in  the  winter  is  made 
up  of  the  so-called  "descending  fish". 

11.  These  two  types  of  migration  appear  in  some  species  to  be  divided  into  spawning 
migrations  and  food-seeking  migrations.     In  the  cases  which  are  thought  to  be  of  the  spawning 
migration  type,    dense  schools  appear  over  a  rather  broad  sea  area  in  am  extremely  short  period 
of  time  and  then  disappear  with  equal  rapidity  so  that  it  is  difficult  to  follow  the  paths  of  their 
migrations.     In  the  cases  which  are  thought  to  represent  food-seeking  migrations,    the  schools 
appear  to  congregate  gradually  in  a  comparatively  limited  area,   the  movements  of  the  schools 
are  comparatively  slow,    and  the  paths  of  migration  can  be  determined  quite  clearly. 

12.  Under  present  conditions  the  matters  discussed  in  the  preceding  paragraph  are 
still  completely  within  the  realm  of  hypothesis.     They  must  be  clarified  in  the  future  by  tagging 
experiments,   fish  catch  statistics,    and  biological  studies,   but  they  are  believed  to  have  an 
importcint  significance  both  from  the  point  of  view  of  the  commercial  fishery  atnd  from  the  point 
of  view  of  population  studies. 
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APPENDED  CHARTS  OF  THE  FISHING  GROUNDS 

(Translator's  note:     The  following  charts  have  been  given  the  sajne  nun-ibers  by  which  they  were 
referred  to  in  the  text,    however,   they  have  been  bound  out  of  numerical  order,   with  the  larger 
charts  last,   for  convenience  in  making  up  the  book.     This  inconsistency,    Jilthough  regrettable,    is 
necessitated  by  a  sinnilar  inconsistency  in  the  make-up  of  the  original  work.  ) 

Chart  Ila-e 

Albacore  catch  rate  distribution  by  months  for  January,   February,    March, 
November,    and  December.     The  figures  inside  the  1-degree  squares  are  average  catch  rates 
(fish  caught  per   100  hooks  fished  per  day).     The  vertical  hatching  indicates  rates  of   I.O  to  3.0, 
oblique  hatching  3.0  to  5.0,    and  cross-hatching  over  5.0,    however,   this  code  is  not  used  con- 
sistently.    Squares  containing  zeros  are  those  in  which  some  fishing  was  recorded  without  any 
catch  of  albacore. 

Chart  VU-k 

Distribution  of  broadbill  swordfish  catch  rates  by  months  for  January,  February, 
March,  October,  Novennber,  and  December.  Squares  with  average  rates  of  1.0  or  more  are 
shaded. 

Chart  I 

This  chart  of  the  combined  average  catch  rates  for  all  species  of  tuna  and  spearfish 
has  been  omitted  from  the  trauislation. 

Chart  III 

Distribution  of  bigeye  catch  rates.  The  figures  within  each  1-degree  square  are  from 
top  to  bottom  the  average  catch  rate,  the  total  number  of  hooks  fished,  and  the  number  of  stations 
fished.     The  shaded  squares  are  those  in  which  rates  greater  than  1.0  were  recorded. 

Chart  IV 

Distribution  of  yellowfin  catch  rates.     Dark  shaded  squares  are  those  with  catch  rates 
greater  than  5.  0,   diagonally  hatched  squares  are  those  with  rates  of  3.  0  to  5.  0,    zmd  gray 
shaded  squares  had  rates  of  1.0  to  3.0. 

Chart  V 

Distribution  of  spearfish  catch  rates,    all  species  combined.     The   1-degree  squares 
with  catch  rates  of  1.0  or  nnore  are  shaded. 
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